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FIG. 3
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FIG 5
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FIG 10

>BBR4T 51900

MNEKHEFLEVEANTTGTGMLAMKKARKLGETPVEFTERPERYHGLN~~~ELECHVVVTDTNS
QAEBELTDSVAQVSKEGREIAGIMSTSDYYLESVARLARKFGW I SNSLEATEACRNKATIFRE
KLORHQVSOQPTFLATSSMEQLLEARSSISLPCVVKPADDSGESNNVRLCESWDEVEHMARE
ITLAIKRKYNARGQETARTVLLEQYARGPEFSVETIFSWQG-QCFVIGITQRRLTGYPFEVEAG
HIFPAPLSVEEEQEIERTVERALAAVKYQFGAAHTEVERTSAGCVVIEVNARLAGGMIPE
LVRRSTGIDLLLOOIRCAAGLEPELSQTIEEQRCAGIHFLVSESQGTFGGIKGMDTVRNL
PGIAERVAIHAKIGONVOPPONFSHRLGYVIVEGKRYSETAELIEQVRDSLSVOVGQOLES
GV {SEQ ID NO: 2)

*

>3taur_4851

~MNQFVEVESNTTGTGRLAVERLLAQGEQVT FITHQPEKY PFLVGNRAPGLRKVLRVETND
ARAVEACVDGLVREGK-VAALLTFSTEYVPIVAATAARRGLRYLOPRAAQACHNKHEARA
LILRAAGLPGPEFHVIASEAEAAQLAQTVRYPCVVKPPARSGSTGVRRVDTFEELLAHFRS
LHSRAANERGOSLHGEVLVESFLEGPEFSVETMTLARGT THVLGVTQKYLSAPRPYFVEMG
HDFPADLPPERRRALEEAVLAGLAAVGEDFGPAHTEIRFTPAGPVIIEINPRLAGCGMIPE
LVRLSTGVDLLSAMLDOMLGRPVDLTHTR--QDVACTIREFITSERPGVLARVEGODEASRL
GTVRQVAVDEKAAGTRLRPPESATDRLGYVIASGPERGQVLGDAARALSLLRVEQARAPSAP
A~ (SEQ ID NO: 4)

*
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(gene: BURPS11068_A1258)

N Target Description E-value | Log(E-value)
Putative uncharacterized protein

1 | COZ5R1_BREBN (gens: BBRAT 51800) 1.40E-2580 | 248,853872
Argininosuccinate lyase 2-like

2 . E3FE28_STIAD orotein (gene: STAUR 4851) 580E-234 | 233,228148
Pyridoxal-phosphate dependent

3 | FSSLPO_9BACL | enzyme 4,10E-157 | 156,3872161
(gene: HMPREF9374_4022)
Argininosuccinate lyase domain

§ | C2PYS6_BACCE orotein (gene: beere0807_32210) 6,60E-143  142,1804561
Argininosuccinate lyase domain

5 | C3BDI4_BACMY | protein 5,70E-121 | 120,2441251
{gene: bmycol003_56050)

6 | FICHS8_BACTC | DABA synthase (gene: npsl) 1,20E-118 | 117,9208188

COWLF1_ACTM | Cysteine synthase

7 o (gene: Amir_4500) 1,80E-118 | 1177447275

8 | DBAPC7_STRFL | DabC (gene: SSGG_02990) 2,90E-118 | 117,537802

o BOBS30 STRoU | Utative pyridoxal-phosphate 6,50E-118 | 117,1870866
dependent enzyme (gene: off_R4)
Cysteine synthase

10 | F4FEX7_VERMA (gene: VAB18032 22180) 1,60E-117 | 116,79588

11 | E2EKQ1_OACTO | Diaminoacd synthaselligase fusion | 5 70r 147 416 4317083
protein (gene: pac19)
Argininosuccinate lyase domain

] -

12 | C3BTM3_8BACI orotein (gene: bpmyx0001_50290) 1,80E-111 | 110,7447275
Putative uncharacterized protein

13 | FOPS09_BACTO (gene: YBT020 25570) 1,90E-111 | 110,7212464
Putative bifunctional protein (Ligase

14 | Q83UA1_BURPS | and argininosuccinate lyase) (gene: | 1,40E-97 | 96,85387196
BPSL1715)
Argininosuccinate lyase

15 | C6TPZ3_BURPS (gene: BURPS1710A_ 2469) 2,00E-97 96,60897
Argininosuccinate lyase domain =

16 | Q3JSAQ_BURP1 orotein (gene: BURPS1710b_2158) 2,10E-97 | 96,67778071
Putative lyase

17 | AALBKS_BURPS (gene: BURPS305_6606) 2,20E-97 | 96,65757732

18 C57GF9 BURPS | Uietve lyase 220597 | 96,65757732
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N Target Description E-value | Log(E-valug)

19 | COY7H2_BURPS | Putalive lyase {gene: BUH_1888) 2,50E-97 | 9680205999

20 | GOWY72_STRVR | Diaminobutyric acid synthase C 570807 | 96.24412514
{gene: dab()

21 | D3Q4UT_STANL | telive uncharaclerized protein —\ y yue g6 g5 95860731
{gene: Snas_2438)
Argininosuccinate lyase

22 | F2LEBB_BURGS (qene: bala 1g16460) 4,70E-94 | 89332790214
ATP-dependent carboxylate-amine

23 | G2PF82Z_STRVO | ligase domain protein ATP-grasp 7.60E-86 @ 8511918841
{gene: Strvi_4637)
Putative fusion protein

24 | 0p3sv7_BURPs | (lgaselcarboxylase and 180E83 8274472749
argininosuccinate lyase)
(gene: BPSL2214)
Lyase family protein

25 | ASTJX5_BURMA (gene: BMA721280_A1050) 1,90E-83 | 82,7212464
Argininosuccinate lyase domain

26 | AJMLOB_BURM? orotein (gene: BMA10247_1396) 550E-83 | 8225963731
Argininosuceinate lyase domain

27 | Q25X49_BURTA orotein (gene: BTH_11971) 6,00E-83 | 8222184875
Argininosuccinate lyase domain

28 | B1HKH5_BURPS orotein (gene: BURPSS13 P1168) 2,00E-82 81,69897
Lyase family protein

29 | A4LD16_BURPS (gene: BURPS305_7166) 3.40E-82 | 81,46852108
Lyase family protein

30 | COYCHG_BURPS (gene: BUH_2552) 7.30E-82 | 81,13667714
Lyase family protein

31 C5ZJH2 BURPS (gene: BURPS1106B_A1783) 8,20E-82 | 81,08618615

GOFTBS_AMYM | Argininosuccinate lyase o

32 D (gene: RAM_24230) 8,90E-82 | 81,00436481

33 | E2D2N4_9BACT | Diaminobutyric acid synthase C 1,30E-81 1 80,88605665
Argininosuccinate lyase 2

34 | CAKPTS_BURPS | (Arginosuceinase 2) (Asal 2) 1,60E-81 | 80,82390874
{gene: GBP346_A2629)
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N Target Description E-value | Log{E-value)
' Argintnosuccinate lyase domain - _
35 | QISQX0_BURPY orotsin {gene: BURPS17105 2646) 470E-81 | 8032780214
Argininosuccinate lyase domain
36 | B2HSZ1_BURPS | protein £,00E-81 80,30103
{gene: BURPS1655_H0208)
37 | ASKFG4_SACTO | DabC {gene: dabl) 8,40E-81 | 80,19382003
. Argininosuccinate lyass domain (
38 | A1VEDZ BURMS orotein (gens: BMASAVP1 A2122) 1,50E-80 | 7982300874
CSNAAS_BURM | Lyase family protein . _ -
* A {gene: BMAPRL20_A1864) SOE-80 | 7982390874
Argininosuccinate lyase L 070
40 | A3NB13_BURFg (gens: BURPSEE8. 2507) 1,60E-80 | 78,79588002
Argininosuccinate lyase domain
41 | ABKVZG_BURPS | protein 1,60E-83 | 78,79588002
{gene: BURPSPAST R(310)
Loma | Argininosuceinate lyase domain : ¢ 1TATE
42 | Q52J65_BURMA protein (gene: BMA1620) 4,20E-80 | 7837675071
Argininosuccinate lyase 2
43 | C4AVRE_BURMA | {Argincsuccinase 2) {Asal 2) 4 40E-80 | 79,35654732
{gene: BMAGBS_1709}
Lyase family protein q
44 | B7D052_BURPS (qene: BUC_2825) 8,70E-80 | 7906048075
Argininosuccinata lyase domain
45 | ABECB3_BURPS | protein 1,30E-79 | 78,88605665
{gene: BURPS406E_HO439)
46 | F1DGJC_BACTO ¢ Putative uncharacterized protein 230E-79 | 7863827216
ABTPUS_ALKM : Putative uncharacterized protein
47 a (gene: Amet_2055) 1,40E-78 | 77,85387196
FUSION PROTEIN CONTAINS
. PUTATIVE LIGASE AND -
48 | QBKJEG_RHIL PROBABLE ARGINOSUCCINATE 3,90E-78 | 7740893539
LYASE (gene:msi203)
49 ESWTD4 STRFA Putative uncharacterized protein 64078 | 77.19382003
{gene: Sfla_0476)




U.S. Patent Aug. 30,2016 Sheet 11 of 61 US 9,428,783 B2




U.S. Patent Aug. 30,2016 Sheet 12 of 61 US 9,428,783 B2

FIG 13

>BBR4T7_51300

MNKHFLFVEANT TGTEMLAMERARKLGFI PVFFTERKPERYHGLN -~~ELE
CHVVVIDTNSQAELTDSVAQVSKEGREIAGIMSTSDYYLESVAKLARKEG
WISNSLEATEACRNKATIFRERLORHQVSQPTFLALSSMEQLLEARSSISL
PCYVEPADDSGSNNVRLCFSWDEVEHMAAE T LATKYNARGRETARTVLLE
QYARGPEFSVETEFSWO~-GQCFVIGITORRLTGYPFFVEAGHIFPAPLSVE
EKQEIERTVERALAAVEKYQFGRAHTEVEKWTSAGCVVIEVNARLAGGMIPE
LVRRSTGIDLLLOQIRCAAGLEPELSQTIEEQRCAGIHFLVEESQGTEGG
IKGMDTVRNLPGIAEVATHAKRKIGONVQPPONEFSHRLGYVIVEGKHYSETA
ELIEQVRDSLSVQVGRQLESGY (SEQ ID NO: 2}

*
>3taur_ 4851

~MNQEFVEVESNTTGTGRLAVERLLAQGEQVIFITHQPERYPELVGNKARG
LEVLRKVETNDAAAVEACVDGLVREGK~-VAALLTEFSTFYVPTVAATAARHG
LRYLOPRAAQACHNEHEARALLRAAGLPGPETHVIASEARAAQLAQTVRE
PCVVKPPAESGSTGVRRVDTPEELLAHFRELHIRAANERGQSLHGEVLVE
SEFLEGPEFSVETMTLADGTTHVLGVIQRY LSAPPYFVEMGHDEPADLPPE
RRRALEEAVIAGLAAVGEDEFGPAHTEIRFTPAGPVIIEINPRLAGGMIPE
LVRLSTGYDLLSAMLDOMLGRPVDLTHTR-~-QDVACIRFITSERPGVLAR
VEGQDEASRLGTVROVAVDRKAAGTRLRPPESATDRLGYVIASGPERGQVL
GDAARALSLLRVEQAAPSAPA~ (SEQ ID NO: 4)

*

»gl{333374399 | ref|ZP_DB466276.1 DES

MEKKLLFVEGNTTIGTGILALEKARKLGYEPVFLTQEASRYDGLE -~ ~EAK
CRVHEVIVTDSIHELERCVSQE-~KAEAVAGILITSDYYLEISARLVOELG
LTGNSPQATHLCRNKALYREKLRSKSVPOPNFHITRSMEDLRETRESVPL
PCLVKPADDSGSNNVRLCFSHWGEVEQLTSKILKIERNARGROKT SQTVLLE
EYIEGPEYSVEMEFSWHQ~GKSTCIGITERQLTGYPYFVESGHVEPAVLETD
VOORIEXTVREQSLEAVHFQFGASHSEVRKWT PNGCVMIETNARLAGCMIPE
LVRHSTGVDLIEQQILCARGVAPHRKQVVPTG~CSGIHFIVAAEAGRLSS
VDNLEAVRKLEPGVEEMMVKAQVGQAVQPPKNFSDRLEGHVIVSGKSYEEVY
ERLHKISNMISLKIS-~=~m—=- (SEQ ID NO: 8}

*

>gi{229168264 | ref| 2P 04255988.1 BCE

~~~~~~~~~~~~~~~~ MLAIRKARELGYEPIFLIQRKSLYHGLE ~~~-DLE
CRVIELDTNSVDAIKHYITHE-~-KIEDIAGILTTSDYYLETVAELVQMER
LSGNTHQATYYCRNRKAMFREKLHLERKVLOPKFHIVQSIDSLONIYSSIQE
BPCUVKPFADDSGSNNVRLCSNWEEVEKIATKTLANKYNARGQEKANMVLLE
EYIEGPEYSVEMESWE~-GNSICIGITERQLTGEFPYEVESGHIFPVELPKD
VOSETEQTVHCALQAVDIRFGASHSEVEWTSNGCVVIEVNARLAGGMIPE
LVRHSTGVDLLROOVLSSVEGVAPEWKE IEYMN~YAGIHFLTARKKSGFLST
VEGIEEVRELSYIEELVVKAQVGQRVNPPENFSHRLGHVMVRGRTYEETV

LFLEEVARKLELQVNN-————- (SEQ ID NO: 10}
*
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N Target Description Ewvalue  Log(E-value)
Putative uncharacterized protein :
1 | COZSR1_BREBN (gene: BBRAT_51900) §,10E-228  227,2146702
Pyridoxal-phosphats dependent
2 | F55LPQ 8BACL | enzyme {,20E-224 = 223,9208188
{gene: HMPREF9374 4022}
: Argininosuccinats lyase domain
3 | C2PYSE_BACCE protein {gene: beere0007_32210) §,20E-216 | 2152830867
Argininosuccinate lyase 2-like
4  E3FE26_STIAD protein (gene: STAUR 4851) 3,80E-197 | 156,4202164
Argininosuccinate lyase domain
5 | C3iBDi4_BACMY | protein 8,10E-138 | 138,081818
{gene: bmycob003_56050)
Putative pyridoxal-phosphate < 40E.
& | BOBS3C_STRCU dependent enzyme {gene: orf R4) 14CE-127 | 126883872
Argininosuccinate lyase domain
T -
7+ C3IBTM3_BBAC orotein {gene: bpmyx0004 50290) 2,20E-126 | 1258575773
Putative uncharacterizad protein
8 | FOPS@S_BACTO (gene: YBT020 25570) | 2.90E-125 | 124537602
gn | Gysteine synthase
g | CoWLF1_ACTMD {gene: Amir 4500) 5,20E-125 | 124,2839967
| Cysteine synthase _ 4 o
10 | F4F5X7_VERMA (gene: VAB18032_ 22180) 7.90E-124 | 123,1023728
11 | FICHSB_SACTO | DABA synthase (gene: npsi 3,70E-122 | 121,4317983
12 | DBAPCY_STRFL | DabC {gena: 55GG_02990) 800E-122 | 121,09691
; +rv | Diaminoacid synthassfligase fusion i
13 | E2EKGQ1_BACTO orotein {gens: pactd) 1.50E-120 | 119,8235087
Putative bifunctional profein {Ligase
14 | Q83UA1T_BURPS | and argininosuccinate lyase) 6,50E-86 | 9518708664
{gene: BPSL1715)
Argininosuccinate lyase
15 | COTPZ3_BURPS (gene: BURPS1710A_2469) 1,10E-95 | 94,95860731
Argininosuccinate yase domain
16 | Q3JSAD_BURPY orotein {gene; BURPS17105_2158) 1,10E-95 . 94 95860731
Putative lyase -
Q .
17 | CHZGFS_BURPS {gene: BURPS1106B_A1258) 1,20E-95 94 82081875
Putative lyase
18 | A4LBKS_BURPS (gene: BURPS305_6606) 1,20E-95 | 9482081875
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N Targat Description Ewalue | Log(E-value
. 3 E 9
19 | D304U1_STANL g‘gﬁg?";:;gh;;g‘gfnmd protein | 1 30E.95 | 94,68605665
20 | COY7HZ_BURPS | Putative lyase (gene: BUH_1888) 140E-85 | 04 BR387198
Argininosuccinate lyase .
21 | F2LEB6_BURGS (gene: bgla_1g16460) 4.60E-94 | 9333724217
22 | GOWV7Z_STRVR g::gngggg)m acid synihiase © 1,10EG0 | 8995880731
ATP-dependent carboxylate-amine
23 | G2PFBZ_STRVD | ligase domain protein ATP-grasp 3,00E-89 | 8852287875
{Strvi_4837)
Putative fusion protein
o7 {Ligase/carboxylase and
24 | (B35V7_BURPS argininosuccinate lyase) 3,20E-83 | 82490485002
{gene: BPSL2214)
, » | Lyase family profein =
25 | ABTIX5_BURMA (gene: BMA721280_A1050) 3.40E-83 | 8246852108
Argininosuccinate lyase domain
26 1 AJMLOB_BURMY orotein (gene: BMA10247 1396) 8,10E-83 | 8200151498
. | Predicted carboxylase (ATP-grasp o
27 | BIGFS1_ANCFW famiy} (gene: Afly 6217) 1,20E-82 | 81,92081875
, Argininosuccinate lyase domain
QX480 .
28 | Q28X48_BURTA orotelr (oane: BTH 11974) 2,30E-82 | 81863827216
, Argininosuccinale lyase domain -
29 | B1HKH5_BURPS orotein (gene: BURPSS13 P1168) 2,70E-82 | 8156863624
e A Putative uncharacterized protein
30 | CORTGS_GEOSY (gene: GYMCB1 0754) 4,70E-82 | 8132790214
Lyass family protein
31 | A4LD16_BURPS (gene: BURPSI05_7168) 6,50E-82 | 8118708664
Futative uncharacterized protein - A
32 | DTD1Z0_GEOSC (gene: GC56T3 0730) 7,20E-82 | 81,1428875
33 | AGTPUS_ALKMQ gﬁiﬁ?ﬁ;@?h;ggge“m protein | 7 g0E-82 | 81,1079054
34 | COYCHB_BURPS ng:gfgggy gg“g;;n 98082 | 81,00877392
i} : -
, Lyase family profein o
35 | C52JH2_BURPS (gere: BURPS11068_A1783) 1,30E-81 | 80,88605685
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N Target Dascription E-value | Log{E-value)
Argininosuccinate lvase 2
36 CAKFTS_BURPS | (Amginosuccinase 2} (Asal 2) 1,70E-81 | 8076955108
{gene: GBP348_A2629)
FUSION PROTEIN CONTAINS
PUTATIVE LIGASE AND
37 CBKJEG.RALI PROBABLE ARGINGSUCCINATE 1,90E-81 | 807212464
LYASE (gene: msi203}
~ Hypothetical conserved protein
38 | Q5KWBS_GEOKA (qene: GK2762) 7.80E-81 | 80,10237291
Argininosuccinate lyase domain
0 BUR .
39 | Q3JAXTE_BURPY orotein (gene: BURPS1710b 2646) 9,50E-81 ¢ 80,0222763%
Argininosuccinata iyass domain
40 | B2HSZ1_BURPS | protein 1,00E-80 80
{gene: BURPS1655_H0208)
sopny | ATgininosuccinate lyase AER
41 | GOFTB8_AMYMD {gene: RAM. 24230) 1,30E-80 | 79,88605685
- . | Putalive uncharacterized protein A o
42 | FTKHZ8_9FIRM (gene: HMPREF0394_05500) 2,50E-8B0 | 79,60205999
ATP-grasp domain protein an
43 | D3AGE3 SCLOT (gene: CLOSTHATH 02678) 2.80E-80 | 79,55284197
Argininosuccinate lyase domain
44 | ABKVZS BURPS | proteln 3,30E-80 | 79,48148606
{gene: BURPSPAST_R0310)
Argininosuccinate lyase -
45 | A3NB13_BURFEG (gene: BURPS688_2507) 3,30E-80 | 79,48148608
46 ¢ FADGJO_BACTO | Putative uncharacterized protein 5,10E-80 | 79,28242982
Argininosuccinate lyase domain -
% ol 7
47 | A1VBD2Z_BURMS orotein (gene: BMASAVEY A2122) 7,80E-80 8,10237291
Lyase family protein o o
48 | CHNAAS_BURMA (aene: BMAPRL20_ A1654) 8,3CE-80 | 79,08092191
Formate-dependent
phosphoribosylglycinamide X o
49 | BYGKIS_ANOFW formyltransferase (GAR 1,80E-79 | 78,78588002
fransformyiase) (gene: Aflv_1026)
Argininosuccinate ivase domain OnE. 5 o
50 | QB2J65 BURMA orotein {gene: BMA1620) 1,00E-79 | 787212484
Argininosuccinate iyase 2
51 | C4AVRB_BURMA | (Arginosuccinase 2) {Asal 2} 2,008-79 7869897
{gene: BMAGBE 1709}
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Target

Description

E-valus

Log(E-value)

52

B7D052_BURPS

Lyase family protein
{gene: BUC_2825)

260E-79

78,58502665

53

ABECB3_BURPS

Argininosuccinate lyase domain
protein
{gene: BURPS406E_H0439)

2,60E-79

78,58502665

54

DOWHPE_BACTO

ATP-grasp domain protein
{(gene: SSOG_01010)

2,30E-78

77,83827216

55

ABTPUT_ALKMQ

Putative uncharacterized protein
(gene: Amet_2054)

3,00E-78

7752287875

56

E2D2N4_9BACT

Diaminobutyric acid synthase C

3,90E-78

77,40893539

57

C2TR35_BACCE

Phosphoribosylglycinamide
synthetase, ATP-grasp (A) domain
protein (gene: beere(016_57030)

1,00E-77

77

58

B5V351_BACCE

Phosphoribosylgiycinamide
synthetase, ATP-grasp
{gene: BCH308197_2192)

1,10E-77

76,85860731

59

D5TZC0_BACTY

Phosphoribosylglycinamide
synthetase ATP-grasp
domain-containing protein
(gene: BMB171_P0212)

1,20E-77

76,92081875

60

(Q74NS4_BACCH

Phosphoribosylglycinamide
synthetase, ATP-grasp (A) domain
protein (gene; BCE_A0170)

1,20E-77

76,92081875

61

E1YQGE_9BACE

L-lactate dehydrogenase
{gene: HMPREF9008_01673)

2,80E-77

76,55284197

62

ESWTD4 STRFA

Putative uncharacterized protein
{gene: Sfla_0476)

3,40E-77

76,46852108

63

ASKFG4_9ACTO

DabC (gene: dabC)

390E-77

76,40893539

64

DOTCUG_9BACE

Putative uncharacterized protein
{gene: HMPREF0103_1362)

9,90E-77

76,00436481

A4FN76_SACEN

Putative fusion protein
(Ligase/carboxylase and
argininosuccinate lyase)
' {gene: SACE_6330)

5,70E-76

75,24412514
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FIG. 16-1

>Staur_ 4851

~MNQFVFVESNTTGTGRLAVERLLAQGEQVTFITHRPERYPFLVGNRAPG

LKVLRKVETNDARAVEACVDGLVREG~KVAALLTESTFYVPTVAATAARHG
LRYLQPRAAQACHNKHEARALLRAAGLPGPEFHVIASEAEAAQLAQTVRE
PCVVKPPAESGSTGVRRVDTPEELLAHFRSLHSRAANERGQSLHGEVLVE
SFLEGPEFSVETMTILADGTTHVLGVITQKYLSAPPYFVEMGHDFPADLPPE
RERRALEEAVIAGLAAVGFDFGPAHTEIRFTPAGPVIIEINPRLAGEMIPE
LVRLSTGVDLLSAMLDOMLGRPVDLTHTR~~QDVACIRFITSERPGVLAR
VEGQODEASRLGTVROVAVIOKAAGTRLRPPESATDRLGYVIASGPERGQVLE

GDAARALSLLRVEQAAPSAPA~ (SEQ ID NO: 4)
*

>BBR47_51900

MNKHFLFVEANTTGTGMLAMKKARKLGFTPVFFTEKPERYHGLNELECH~
-=YYVIDTNSQAELTDSVAQVSKEGREIAGIMSTEDYYLESVAKLARKEG
WISNSLEAIEACRNKAIFREKLQRHQVSQOPTFLAISSMEQLLEARSSISL
PCVVKPADDSGSNNVRLCFSWDEVEHMAAETI LATKYNARGQETARTVLLE
QYAEGPEFSVETFEWQ-GRCFVIGITORRLTIGYPFFVEAGHIFPAPLEVE
EKQEIERTVERALARAVEYQFGABHTEVEWTSAGCVVIEVNARLAGGMIPE
LVRRSTGIDLLLOQIRCAAGLEPELSQTIEEQRCAGIHFLVSESQGTEGE
IKGMDTVRNLPGIAEVATHAKIGONVOPPONFSHRLGYVIVEGKHYSETA
ELTIEQVKDSLSVQOVGQQLESGV (SEQ ID NO: 2)

*

>gii333374398 refiZP_08466276.1 DES

MEKKLLFVEGNTTGTGILALEKARKLGYEPVFLTQEASRYDGLPEARCR~
~=VHVIVIDSIHELKRCVSQE~~KAEAVAGILTTSDYYLEISAKLVQELG
LTGNSPQATHLCRNKALYREKLRSKSVPQPNFHITRSMEDLRETRESVPL
PCLVKPADDSGSNNVRLCFSWGEVEQLTSKILKIERNARGOKTSQTVLLE
EYIEGPEYSVEMEFSWO~-GKSTCIGITEKQLTGYPYFVESGHVEFPAVLETD
VOQEIEKTVEQSLEAVHFQFGASHSEVKWT PNGCVMIETNARLAGGMI PE
LVRHSTGVDLIEQQRILCAAGVAPHWKQVVPTG-CSGIHFIVAREAGRLSS
VDNLEAVRKLPGVEEMMVEAQVGQAVQPPKNESDRLGHVIVEGKSYEEVY
ERLHKISNMISLKIS~—~~—~~ {SE¢Q ID NO: ©6)

*
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FIG. 16-2

h

-

>g11229168564 ref| 2P 04295989.1 BCE
e ML AT RRAKE LG YR PT FLTORRS LYHG LS DLECR~
~~VIELDTNSVDATIKHYI THE-~KIEDIAGILTTSDYYLETVARLVQMER
LSGNTHOAT Y YCRNKAMFREXLHLERVLGPKFHIVOSIDSLONIYSSIQF
BCVVRPADDSGENNVRLOSNWERVEK TATK Y LANKYNARGQERKANMVLLE
EYIEGPEYSVEMFSWE-CNSICIGITEKQLIGFPYFVESGHI FPVELPKD
VOSETREQTVRCALQAVDFRFGASHSEVRNTSNGCVVI EVNARLAGGMI PR
LYRHSTGVDLLRQOVLSSVEVAPEWKE I EYMN~YAGT HPLTAKKSGFLST
VKGTEEVRELSYTERLVVKAQVGRPVNPPENFSHRLGHVMVRGRTYEET
LPLEEVARKLE I QUNN ===~ (SEQ ID NO: 10)

*

>gi|228758608 | gb{EEMO7742. 1] BMY

mmmmmmmmmmmmmmmm MLALNKAKLYGFIPVEITNNPDRYVGLERARCS -
~-~IFICDTRNNIENLYETINNN-LEVDKIQGITTTSEFYLEIVSELARKYG
LPRNSVOAIRNCRNKLETENCLEEAKVROPKFEEVISISDINKSLNIIGL
PCIVERPVDDSGSNGVREFCKTVAEVREQTLETLSWERNSRGRSTVRTVLLE
EFIDAPEYSVEIFSFE-GEKGRCVGITERKLIGFPEFVEHQHVEPAKLPAD
VIREIONTVEDALKAVGITNGPTHIEVELTPRGCATIEINARLAGGMIPK
LIQISTGIDMLEYQLLLSVGKYRAP~~-ILNYQRYAGIRKFIVENLOGILND
IRGVERVRTLOQGVNQVNINVNRGDEVISPERNAYDRLGYVIVEGNSYEETE
ARLNKSIERLEILVGN-~~—-— {SEQ ID NO: 18

%
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N Targst Description Ewalue | jLoglE-valus}]
Putative uncharacierized protein

1| COZSRIBREBN |\ one: BERAT_51900) 400E216 | 215,38794
Pyridoxal-phosphats dependent

2 | FSSLPO SBACL | enzyme 3.80E-215 | 214,4202184
{gene: HMPREF3374 4022}
Argininosuccinale lyase domain :

3 | C2PY88 _BACCE arotein (gene: beers0007_32210) 3.80E-208 | 2054202164
Argininosuccinate lyase domain

4 | C3BDI4_BACMY | protsin 3,70E-195 | 194,4317983
{gene: bmyco0D03_56050)
Argininosuceinate lyase 2-like )

§ | E3IFE26_STIAD orotein (gene: STAUR 4851) 1,30E-183 | 182,8860566
Argininosuccinate lyase domain AE.4a £

6 « C3BTM3_8BACI oratein (gene: bomyx0001_50290) 8.00E-136 | 135,09691

- Putative pyridoxal-phosphate - -

7 | BOBS30_STRCU dependent enzyme (gene: orf Rd) 260E-133 | 1325850267
Putative uncharacterized profein

8  FOPS08_BACTO (gene: YBT020 25570) 1.30E-131 | 130,8860566
Cysteine synthase

9 | F4F5X7_VERMA (gene: VAB18032. 22480) 1,40E-128 | 127853872

10| CBWLF1 ACTMp | CYsteine synthase 230E-128 | 127.6362722
{gens: Amir_4500)

11 | E2exai sacTo | Diaminoacid synthasefigase fusion 1, yae 0 | 424 9588073
protein {gene: pacis)

12 | FICHSE_SACTO | DABA synthase {gene: npsi) 2,30E-125 | 124,8382722

13 | DGAPCT_STRFL | DabC {gene: 85GG_02980) 320E-125 | 124,49485

14 | DaQ4UT_STANL | Fotalve uncharacterized prolein g ne o5 g5,20065645
{gene: Snas_2438}
Putative bifuncional protain (Ligase

15 | QB3UA1_BURPS | and argininosuccinate lyase) 210E-84 | 93,67778071
{gene: BPSL1715)
Argininosuccinate lyase «

16 | COTPZ3_BURPS (gene: BURPS1710A_2468) 3,10E-94 | 9350863831
Argininosuccinate lyase domain

ISAD 3 20F-
17 ¢ Q3JSAL_BURP1Y oroteln {gene: BURPS17105 2158) 3,20E-84 © 0349485002
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. N Targst Description E-value | JLog{B-value)}
. Putalive lyase
9 B £.04
18 | CBZGFS_BURPS (gene: BURPS11083_A1258) 360884 | 934436975
Putative lyase
18 | A4LBKS BURPS (gene: BURPS305_6808) 3,60E-84 | 834436975
20 | COY7HZ BURPS | Puialive lyase (geng: BUH_1888) 4,10E-84 | 9338721614
ATP-dependent carboxylate-amine
211 G2PFB2_STRVO | ligase domain proteln ATP-grasp 1,30E-93 | 92,88605665
{gene: Sirvi 4637}
: ; Argininosuccinale iyase srEG1 | g
22 | FZLEBS_BURGS (qene: bgla1g16460) 520E-83 | 9228399668
23 | GOWV72_STRVR | Damiobulyric acid synthase G| g 4oe 05 | 91 19382009
{gene: dab()
Putative uncharacterized protein o
24 | CORTGS_GEOSY (gene: GYMCB1 0754) 6,30E-85 | 8420085945
4 .~ | Putative uncharacterized prolsin . -
25 | D7D1Z0_GEQSC (gene: GC56T3 0730) 1,30E-84 | 83,88605665
~ ~owy | Predicted carboxylase {(ATP-grasp 2 40E.
26 | BYGFS1_ANCFW family) (gene: Aflv_0247) 3,10E-84 | 83,50863831
Putative fusion protein
97 QB3Sv7 BURpg  (Llgaseicaroxylase and | 330E-84 | 8348148606
argininosuccinate lyase} :
{gene: BPSL2214)
, Lyase family protein -
28 | ASTJXS_BURMA (qene: BMA721280 A1050) 3,50E-84 | 8345593198
FUSION PROTEIN CONTAINS
PUTATIVE LIGASE AND
= = -84 2
29 | Q8KJES_RHILI PROBABLE ARGINOSUCCINATE 540E-84 | 8326760624
LYASE {gene: msi2B3)
- Argininosuccinate lyase domain -
A i
30 | ASMLO8_BURMY orotein (gene: BMA0247 1396) 7,30E-84 | 8313667714
31 | QSKws9_GECKa | Hypotnetical canserved protein | 4 «or g3 | g7 95860731
{gene: GRIT62)
" Argininosuceinate lyase domain
32 | Q2SX49_BURTA orotein {gene: BTH 11974) 1,30E-83 | 8288605665
, Putative uncharacterized protein
33 . ABTPUB_ALKMQ (gene: Amet_2055) 1,80E-83 | 8274472748
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N Target Dascription E-value  JLog(E-valug)|
Putative uncharacterized protein

34 FTKHZ8_OFIRM (gene: HMPREF0994 05500) 2,10E-83 | 82677780714
ATP-grasp domain protein

35 | D3AGE3_SCLOT (genie: CLOSTHATH_ 02679) 230E-83 | 8263827216
Argininosuccinate lyase domain

36 | BIHKHS_BURPS orofein (gene: BURPSS13_P1168) 2.80E-83 @ 8255284197
Butative uncharacterized protein

37 | AGTPUT_ALKMG (gene: Amet_2054) 3,20E-83 | 82,49485002
Formate-dependent
phosphoribosylglycinamide a

38 | B7GKI9_ANOFW formyltransferase (GAR 4,00E-83 | 82,39794001
transformylase) (gene: Aflv_1026)
Lyase family protein

39 | A4LD16_BURPS (gene: BURPS305_7168) 8,00E-83 | 82,22184875
Argininosuccinate lyase 2

40 | CAKPT5_BURPS | (Arginosuccinase 2) (Asal 2) 9,30E-83 | 82,03151705
{gene: GBP346_A2629)
Lyase family protein )

41« COYCHG_BURPS (gene: BUH 2552) 1,00£-82 82
Lyase family protein

42 © C5ZJH2_BURPS (gene: BURPS1106B_A1783) 1,30E-82 | 81,88605665
Argininosuccinate lyase domain

43 | QBUQXO_BURPT | ooty (oane: BURPS1710b_2646) | O0E8! 81
Argininosuccinate lyase domain

44 | B2HSZ1_BURPS | protein 1,10E-81 | 80,95860731
(gene: BURPS1655_H0298)
Argininosuccinate lyase domain

45 | ABKVZE_BURPS | protein 3,50E-81 | 8045593196
(gene: BURPSPAST R(310)
Argininosuccinate lyase ,.

46 | A3NB13_BURPG (gene: BURPSE68_ 2507) 3,50E-81 | 8045593196

47 | F1DGJO_9ACTO | Putative uncharacterized protein 6,10E-81 | 80,21467016
Argininosuccinate lyase domain A

48 | A1V5D2_BURMS orotein {gene: BMASAVP1 A2122) 2,30E-80 | 7983827216
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Target

Description

E-value

iLog(E-value)]

49

CONAAS_BURMA

Lyvase family protein
{gene, BMAPRL20_A1564)

2,40E-80

79,61078876

50

ABECB3_BURPS

Argininosuccinate lyase domain
protein
{gene: BURPS406E_HO0438)

2,40E-80

79,61878876

51

B7D052_BURPS

Lyase family protein
{gene: BUC_2825)

2,50E-80

7960205999

52

B5V3S1_BACCE

Phosphoribosylglycinamide
synthetase, ATP-grasp
{(gene: BCH308197_2192)

4,10E-80

79,38721614

53

C2TR35_BACCE

Phosphoribosylglycinamide
synthetase, ATP-grasp (A) domain
protein (gene: becere0016_57030)

4,50E-80

79,34678749

54

E1YQG6_9BACE

L-iactate dehydrogenase
(gene: HMPREF9008_01673)

4,70E-80

79,32790214

55

Q62J65_BURMA

Argininosuccinate lyase domain
protein {gene: BMA1620)

4,70E-80

78,32790214

56

C4AAVRE_BURMA

Argininosuccinate lyase 2
{Arginosuccinase 2) (Asal 2)
(gene: BMAGBS_1709)

5,00E-80

79,30103

57

D5TZCO_BACT1

Phosphoribosylglycinamide
synthetase ATP-grasp
domain-containing protein
(gene: BMB171_P0212)

6,90E-80

79,16115091

58

Q74NS4_BACCH

Phosphoribosylglycinamide
synthetase, ATP-grasp (A) domain
protein {gene: BCE_AQ170)

6,90E-80

79,16115001

58

DYWHPE_SACTO

ATP-grasp domain protein
{gene: 3SOG_01010)

7,30E-80

79,13667714

60

DOTCUG_SBACE

Putative uncharacterized protein
{gene: HMPREF(0103_1362)

1,10E-78

78,95860731

61

GOFTBE_AMYMD

Argininosuccinate lyase
{gene: RAM_24230)

6,20E-79

. 78,20760831
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N Target Description E-value | |Log(E-value)|

ATP-grasp domain-containing
9 .

62 | DOXKV3_SACTO orotein {gene: SSRG. 01345) 2,20E-78 | 7765757732
Putative fusion protein

63 | A4FN76_SACEN | (Ligaseicarboxylase and 500E78 | 7730103
argininosuccinate lyase)
{gene: SACE_8330)

64 | Q7NA29 PHOLL | Ormiantes with pulative 730E78 | 7713667714
carboxylase (gene: plul116)
Putative uncharacterized protein

65 | EBWTD4_STRFA (gene: Sfla_0476) 8,20E-78 | 77,08618615
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FIG. 18-1

>Staur 48351

~MNGFVEVESNTTGTGRLAVERLLAQGEQVT FITHRFERYPTLVGNRARFG
LEVLEVETNDARAVEACVDGLVREGE-VARLLTESTFYVPIVAATAARNG
LRYLOPRAAGACHNKHEARALLR-BAGLPGPEFEVIASEAEAAQLAQTVR
FPCVVHEPPAESGSTGVRRVDTPEELLAHFRSLEHSRAANERGOSLEGEVLY
ESFLEGPEFSVETMTLADGTTEVLGVTOKYLSAPPYEFVEMGHDFPADLPR
ERRRALEEAVLAGLARVGEDFGRPAHTEIRFTPAGPVIIEINPRLAGEMIP
ELVRLSTGVDLLSAMLDOMLGEGRPVDLTHT ~-RODVACIRFITSERPGVLA
BRVEGEDEASRLGTVROQVAVDRAAGTRLRPPESATDRLEYVIASGPERGEY
LGDAARALSLLRVEQARPSABA~~~ {(SEQ ID NOC: 4)

*

>BBR47_ 51900

MNKHFLFVEANTTGTGMLAMKKARKLGETPVEFEFTERPERYHGLNELECH-
-~ = PVVTDTNSQAELTDSVAQVSKEGREIAGIMITSDYYLESVAKLARKEG
WISNSLEAIEACPNRAIFREKLO-RHQVEQPTFLAISSMEQLLEARSSIS
LPCVVEPADDEGSNEVRLCFSHDEVERMAARILAIKYNARGRETARTVLL
EQYARGPEFSVEIFSHO-GQUIVIGITOQRRLTIGYPFEFVEAGHIFPAPLSEY
EEKQEIERTVERALAAVKYQFGARHTEVAWT SAGCYVVIEVNARLAGGMIP
ELVRRSTGIDLLLOQIRCAAGLEPELSQTIERQRCAGIHYLVIESQETEG
GIRGMDTVENLEGIAEVAIHAKIGONVOPPONFSHRLGYVIVEGKHYSET
AELIEQVKDSLSVQVGOQLESGV~~ {SEQ ID NO: 2}

*

88%.1 BCE

[9)]

>gli223168264 ref|Zp_ (429

~~~~~~~~~~~~~~~~~ MLATRKAKELGYEPIFLTQRKSLYHGLSDLECR~
—~~-YIELDTNSVDATRKHY I IHE--KIEDIAGILTTSDYYLETVARLVOMER
LSGNTHQAIYYCRNKAMFREKLH~-LERVLOPKFHIVQSIDSLONIYSSIQ
FPCVVRKPADDSGSHNVRLOSNWEEVERIATRK I LANKYNARGOEKANMVLL
ERYIEGPEYSVEMFSWE~GNSICIGITEKGLTIGFPYEVESGHIFPVELPK
DVQSEIEQTVHKCALQAVDFREFGASHSEVRWT SNECVVIEVNARLAGGMIP
ELVRHSTGVILLROOVLSSYGVAPERKEIEYMN - YAGIHFLTARKKSGELS
TVKGIEEVRELSYIEELVVEKAQVGEPVNPPENFSHRLGHVMVRGRTYEET
VLFPLEEVARKLEIQVEN-——————~ {SEQ ID NO: 10}

*
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FIG 18-2

>Pl;gli33337439%{ref{2P 0B466276.1 DES

MEKKLLEVEGNTTGTGILALEKARKLGYEPVILTQEASRYDGLPEARCR -
-=VHVIVTDSIHELERCVSQE--~RAEBAVAGILTTIDYYLEISAKLVQELG
LTGNSPQATHLURNEALYREKLR~-SKSVEQPNFHIIRSMEDLRETRESVE
LPCLVEPADDSGSNNVRLOFSWEEVEQLT SKILKIERNARGRKTSQTVLL
EEYIECPEYSVEMEEW - CKETCIGITERQLTGYRPYEVESGHVEPAVLET
DVQOEIERTVEQSLEAVHFQFPGASHEEVERT PNGCVMIETNARLAGGMIP
ELVRESTGVRLIEQQILCAAGVARPHWRQVVPTG-COCIHFIVAARAGRLS
SVDNLEAVRELPGVEEMMVKAQVGQAVOP PKNFSDRLGHVIVEGKSYEEY
VERLDHRISNMISLKIS-———--—m - {SEQ ID NO: 6

~=-IFICDTINNIENLYETINNN-LEVDKIQGITTTSEEFYLEIVSELARKYC
LPRNSVOATRNCRNELETRNCLE-BEAKVROPRFEEVTSISDINKSLNIIG
LPCIVEPVDDSGENGYRICKTVARVREEQTLEILSWKKNSRGOSTVQTVLL
EEFIDAPEYSVEIFSFE-CKGECVGITERKRLIGEFPHEVEHQHVEPAKLEA
DYTREIQNTVEDALKAVGITNGPTRTEVRLT POQECATIIE INARLAGEMIP
KLIQISTGIDMLEYQLLLSVGRYKAP -~ ILNYQRYAGIKFIVINLDGILN
DIRGVERVRTILOGVEQVNINVNRGDEVISPENAYDRLGYVIVEGNSYEET
EARLNESIERKLEILVGN-———-———— {SEQ ID NQ: 183

be
>BTH

~MREKLLFIESRTTGTGMLALIKARE LGP TPVLLTNNPGRY IGLGETRCI ~
~~VLECDTNNILNCIRTIIDSEFEVG-EIKATTTTSEFYIEVVAILAKELG
LIGHNPIDTVEKCRNEKAEMRLLLKGIENIYEPWPYTIDSLEKLELAKDNIK
FPCVVKPVDDSGONNVLKCYSYEEVERETERKILSNRYNVRSQRNAQNILY
EEYVIEGREYSVEIFTYR-GRCKIVGVTQRIVDGAPYFIECGHIFPAPVED
DIRSVIERGVIKIIRKVNWONGPCHLEIRIKGEKIFLVEFNGRLAGEMIP
ELIRKYATGIDLLKEQLEVVIRMRPRLDONP~--TLYAGIRFIIPLREGRIT
SIEFGVNDIENTVGIKEVRLRTIVGESIREKVENAYCGRIGHIIGARENINKL
NYILDESMDALHIEIRECEDYEDFN (SEQ ID NO: 12}

*
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N Target Bescription E-value | jLog(E-value)|
Putative uncharacterized protein
COZ5R1_BREBN (gene: BBR47_51900) B,70E-211 210,08
Pyridoxal-phosphate dependent
2 | F5SLPO_SBACL | enzyms - 2,208-207 206,68
{gens: HMPREFS374_4022) ‘
Argininosuccinate lyase domain | ]
3 | C2PYS5_BACCE protein {gene; boered007_32210} 7,20E-138 197,14
Putative uncharacterized protein
4 | FOPSG3_BACTS {gene: YBT020_25570) 2,10E-188 195,68
Argininosuccinate lyase domain
5 | C3BDI4_BACMY | prolein 2,90E-187 186,54
{gene: bmycol003_ 56050}
- Argininosuccinate lyase 2-like
6 | E3FE26_STIAD protein {gene: STAUR_4851) 490E-176 175,31
Argininosuccinate lyase domain - a
8 | C3BTM3_98ACI protei (gene: bpmyx0001_50290) 1,20E-137 136,92
~yy | Putative pyridoxal-phosphate e
8 | BOB530_STRCU dependent enzyme {gene; orf R4) 1.50E-137 136,82
10 | FICHSE_SACTO | DABA synthase {gene: npsl) 4 50E-132 131,35
. Cysteine synthase AE.
111 CoWLF1_ACTMD (gene: Amir_4500) 1,00E-131 131,00
Cysteine synthase o
12 | PAFSX7_VERMA (gene: VAB18032_22180) 4 90E-131 130,31
g Diaminoacid synthaselligase 4
13 | E2EKQ1_9ACTO fusion proteln {gene; pactd) 6,50E-131 130,18
Putative bifunclional profein
14 @ QB3UA1_BURPS | (Ligase and argininosuccinate 7,20E-97 98,14
lyase) {gene: BPSL1715)
Putative lyase -
15« CHZGFY_BURPE (gene: BURPS1106B_A1258) 1,80E-96 95,80
Putative lyase
16 | A4LBKS5 BURPE (gene: BURPS303_6606) 1,60E-96 85,80
17 | COY7HZ_BURPE | Putative lyase {gene: BUH_1888} 1,80E-96 9574
- Argininosuccinate lyase : o
| 18 1 CBTPZ3_BURPE {gene: BURPS1710A_2469) 3,00E-96 85,52
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N Target Description E-value | |Log{E-value}|
Argininosuccinate lyass domain
19 | Q3JGAD_BURPY | protein (gens: 310868 95,51
BURPS1710b_2158)
Putative uncharacterized protein o
20 D3Q4UH_STANL (gene: Snas 2438) 5.50E-86 85,28
,\ Argininosuceinate lyase or, -
21| F2LEBS_BURGS (gene: bl 1q16460) 4 40E-S5 94,38
Putative ligase/carboxylase o
22 | H2JPF8_STRHJ (gene: SHJG_0504) 2,10E-94 93,88
ATP-depsendent carboxylate-amine
23 1 G2PFE2_STRVYO | ligase domain profein ATP-grasp 4,G0E-93 82,40
{gene: 3tvi_4637)
24 | GOWVT2 STRVR B;amz?mbutync acid synthass C 9.10E-93 92,04
{gene: dabC)
Puiative fusion protein
{Ligase/carboxylase and
25 1 QB35V7_BURPS argininosuccinale lyase) 2 40E-88 87,62
{gene; BPSL2214)
Lyase family profein
5 A .
26 | ABTJX5_BURMA (gene: BMA721280_A1050) 2,50E-88 87,60
Putative uncharacterized profein
27 | ABTPUS_ALKMG {gene: Amet_2055) 4,70E-88 87,33
Argininosuccinate lyase domain -
26 | ASMLOB BURMT | o tein (gene: BMA10247_1306) | D0ro 87.26
., | Pulative uncharacterized protein .o
29 | F7KHZB_SFIRM {gene: HMPREF0994 05500) 8,90E-88 87,00
ATP-grasp domain protein - n
30 ¢ D3AGE3_9CLOT {gene: CLOSTHATH_02679) 1,10E-87 86,96
. Argininosuccinate lysse domain e -
81 BIHKHS BURPE | tein (gene: BURPSS13_P1168) | 20007 8,70
P Argininosuccinate lyase domain AnE.Q7
32| Q28X48_BURTA orotein {gene: BTH 11671) 4,30E-87 86,37
. Lyase family protein anE.
33 | A4LD16_BURPE (gene: BURPS305_7168) 5,20E-87 86,28
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Target

Description

E-value

{Log{E-valug)}

34

CAKPTS_BURPE

Argininosuceinate lyase 2
(Arginosuccinase 2) (Asal 2)
{gene: GBP346_A2629)

6,60E-87

86,18

35

COYCHE_BURPE

Lyase family protein
{gene: BUH_2552)

7,30E-87

86,14

36

C5ZJH2_BURPE

Lyase family protein
{gene: BURPS1106B_A1783)

8,80E-87

86,06

37

HEX7RY_9PSEU

Biotin carboxylase
{gene: SacmaDRAFT_3129)

9,80E-87

86,01

38

(G8N4Z8_GEOTH

Putative uncharacterized protein
{(gene: GTCCBUS3UFS_31070)

1,00E-86

86,00

398

Q5KWBY_GEOKA

Hypothetical conserved protein
(gene: GK2762)

1,90E-86

85,72

40

B7GKIS_ANOFW

Formate-dependent
phosphoribosyiglycinamide
formyltransferase (GAR
transformylase) (gene: Aflv_1026}))

6,50E-86

85,19

41

Q3JQX0_BURP1

Argininosuccinate lyase domain
protein (gene:
BURPS1710b_2646)

8,00E-86

85,10

42

B2H9Z1_BURPE

Argininosuccinate lyase domain
protein
(gene: BURPS1655_H0298)

8,60E-86

85,07

43

ABKVZ6_BURPE

Argininosuccinate lyase domain
protein
(gene; BURPSPAST_R0310)

2,70E-85

84,57

44

A3NB13_BURPS

Argininosuccinate lyase
{gene; BURPS668_2507)

2,70E-85

84,57

45

B7GFS1_ANOFW

Predicted carboxylase (ATP-grasp
family) (gene: Aflv_0217)

5,00E-85

84,30

46

ABTPU7_ALKMQ

Putative uncharacterized protein
(gene: Amet_2054)

8,80E-85

84,06

47

ASECB3_BURPE

Argininosuccinate lyase domain
protein
(gene: BURPS4C6E_H0439)

1,60E-84

83,80
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Target

Description

E-value

iLog{E-value)}

48

ATVEDZ _BURMS

Argininosuccinate lyase domain
protein {gene:
BMASAVP1 A2122}

1,80E-84

83,74

4

CHNAAS_BURMA

Lyase family protein
{gene: BMAPRL20 _A1664)

1,90E-84

83,72

80

B7D052_BURPE

Lyase family protein
{gene: BUC_2825)

1,90E-84

83,72

51

(52J65_BURNMA

Argininosuccinate lyase domain
protein {gene: BMA1E2()

3,90E-84

83,41

52

C4AVRE8_BURMA

Argininosuccinate yase 2
{Arginosuccinase 2} {Asal 2)
{gene: BMAGRES_1709)

4,10E-84

53

GBSKHE_ACTSS

Carbamoyl-phosphate synthase
large chain {gene: ACPL_3582)

3,20£-82

8148

GOFTBS_AMYMD

Argintnosuccinate lyass
{gene; RAM_24230)

6,80E-82

81,17

58

C2TR35_BACCE

Phosphoribosylglycinamide
synthetase, ATP-grasp (A} domain
protein (gene: beerg0018_57030)

1,30E-81

80,89

56

E1YQG6_9BACE

L-iactate dehydrogenase
{gene: HMPREFS008_01673)

1,50E-81

80,82

57

G8UGTE_BACCE

Putative uncharaclerized protein
{gene: bef 10760)

1,90E-81

80,72

58

D&TZCO_BACTH

Phosphoribosylglycinamide
synthetase ATP-grasp
domain-containing protein
{gene: BMB171_P0212)

2 30E-81

59

Q74N84 BACCH

Phosphoribosyiglycinamide
synthetase, ATP-grasp (A} domain
protein {gene: BCE_A0170)

2.30E-81

60

DOTCUB_SBACE

Putative uncharaclerized prolein
{gens: HMPREF(103_1362)

3,00E-81

61

Q7NA28_PHOLL

Similarities with putative
carboxylase {gene: plul116)

4,80E-80

62

G8RVB3_MYCRN

Biotin carboxylase
{gene: MycrhN_2396)

9,30E-80
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N Target Description E-value | [Log{E-value}}

63 | F1DGJO BACTO | Pulative uncharaclerized profein 1,00E-78 79,00

84 | E2D2N4 9BACT | Diaminobutyric acid synthase C 6,00E-78 78,22
Putative uncharacterized protein o .

65 | C3GAI_BACTU (gene: bihur000S_48450) 8,80E-78 78,08

o e Argininosuccinate lyase : -

66 | EGSFE3_DICD3 (gene: Ddad®37 02620) 2,30E-78 77,64
ATP-grasp domain protein

67 | DOWHPE _BACTO (gene: SSOG_01010) 250878 77,60
Putative fusion protein

68 | A4FNT6_SACEN | (Ligaseicarboxylase and 3,505-78 7748
argininosuccinate lyase)
{gene: SACE_6330)
Putative uncharacierized profein

C .

69 | C2U7K3_BACCE {qene: beere0017_58000) 1.30E-77 76,88

70 | ASKFG4_SACTC | DabC (gene: dabC) 2A0E-77 76,62
Putative carboxylase protein "

71 B3Q278_RHIES (gene: RHECIAT PBO0000GS) 1,20E-76 75,92
ATP-grasp domain-containing n

72 | DOKVI_BACTO orotein (gene: SSRG. 01345) 1,30E-78 75,89
Putative uncharacterized protein

73 | EBWTD4 STRFA (gsne: Sfla_0476) 4,80E-76 75,34
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FIG. 20-1

»>Staur 4851

~MNOFVEVESNTTCTCRIAVERLLAQGEQVTFITHOPERKYPFLVGHKAPRG
LEVLEKVETNDARAVEACVDGLVREGKVAARLLTFSTFYVETVARTAARHGL
Y LOPRAADACHNKHEARALLR-AACLPGRPEFRVIASEARARQLAQTVERF
PCVVHEPPARSGSTGVRRVDTPEELLAHFRSLHSRARNERGQSLHGEVLVE
SPFLEGPEFSVETMTL-ADGTTHVLEGVIQRYLSAPPYFVEMGHDFPADLPP
ERERALEEAVIAGLAAVGPDFGPAHTEIRFTPAGPVIIEINPRLAGGMIP
ELVRLSTGVDLLSAMLDOMLGRPVIOLTHT -—-RODVAUIRFITSERPGVLA
RVEGQDEASRLGTVROVAVIKAAGTRLREPESATDRLGYVIASGPE~—~R
GOVLGDARRALS LLRVEQRBP SA BB — e o o s o o ettt e

>BBR47_ 51900

MNKHFLFVEANTTGTGMLAMKKARKLGFTEVFETENPERYHGLN--ELEC
HVVVTDINSQAELTDSVAQVSKEGREIAGIMITSDYYLESVAKLARKEGH
ISNSLEAIEACRNKAIFREKLO-PHOVSOPTFLAISSMEQLLEARSSISL
PCVVEPADDSGSNNVRLCFSWDEVEHMARETLATKYNARGQETARTVLLE
CYAEGPEFSVETFPIWQGQC-FVIGITORXRLTGYPFEVEAGHITPAPLEY
EERQEIERTVERALARVEYQFGAAHTEVEKWTSAGCVVIEVNARLAGEMI P
ELVRRETCIDLLLOQIRCARGLEPELSQTIEEQREAGIHFLVSESQEIFG
GIRGMDTVRNLPGIAEVAIFAKIGONVOPPONFSHRLGYVIVEGKHYSET

AELIEQVKDSLEVQVGOQLESGV == m ot o
~=== {SEQ ID NO: 2}
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FIG. 20-2

»gli22%168264 | ref 2P 04295588.1 BCE

~~~~~~~~~~~~~~~~~~~ MLAIRKAKELGYEPIFLIQKKSLYHGLS~~DLEC
RVIELDTHSVDAIKHY IIHE~-KIEDIAGILTTSDYYLETVARELVOMERL
SGNTHOAIYYCRNKAMPREKLE-LERVLOPRIHIVQSIDSLONIYSSIQE
PCVVKPADDSGERNNVRLCSNWEEVERIATR I LANKYNARGOEKANMVLLE
EYIEGPEYSVEMEFSWEGNS-~ICIGITERQLTGIPYFVESCHIFPVELPK
DVQSEIEQTVECALQAVDFRFGASHSEVRWTSNGCVVIEVNARLAGGMIP
ELVRHSTGVDLLROOVLSSVGVAPERWKEIEYMN-YAGIHFLTAKKSGELS
TVKGIEEVRELSYIERELVVKAQVGOPVNEPENFSHRLGHVMVRGRTYEET
VEFLEEVARE LE LV N oo o e o e

»gi{33337438% | ref{ZP 08486276.1 DES

MERKLLEVEGNTTGTGILALEKARKLGYEPVELTOEASRYDGLP-~EAKC
RVHVIVIDSIHELKRCOVEQE -~ KABAVAGILTTSDYYLEISAKLVQELGL
TGNSPOATHLCRNKALYREKLR~-SESVPOPNIFHI IRSMEDLRETRESVPL
PCLVKPADDSGSNNVRICESHGEVEQLTSKILKIERNARGORTSQTVLLE
EYIEGPEYSVEMFSWQGKS~--TCIGITERQLIGYPYFVESGHVEFPAVLPT
DVOOEIEKTVHOSLEAVEFQFGASHSEVRKWT PNGCVMIETNARLAGEMIP
ELVRHSTGVDLIEQRILCAAGVAPHWKOVVPTG-CEGIHFIVAAREAGRLS
SVERLEAVEKLPGVEEMMVEAQVGOAVOPPRNEFSDRLGHVIVSGKSYEEY
VERLHE T SNMI SLE T S e e i o oo o e o o e
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FIG. 20-3

———————————————— MLALNKARKLYGEFSPVFITNNPDRYVGLE~-~KAEC
SIVICDTNNIENLYETINNN-LEVDEKIQGITTTSEFYLEIVIELARKYGL
PRNSVOAIRNCENKLETRNCLEK-EAKVROPKFEEVTISISDINESINIIGL
PCIVEKPVDDSGSNGVREFCKTVAEVRKEQTLEILSWKKNSRGOSTVOTVLLE
EFIDAPEYSVEIFSFEGRG-~RCVGITERKLIGEPHFVEHQEVEPARLPA
DVTREIQNTVEDALRAVGITNGPTHTEVELTPQGUAI IR INARLAGEMIP
RLIQISTGIDMLEYQLLLEVEGRYKAP-~-TINYORYAGIRFIVSNLDGILN
DIRGVERVRTLQGVNQVNINVNRGDEVISPRNAYDRLGYVIVEGNSYEET

BARLNKSTERLET LGN == m = = o o o e oo
--== (SEQ ID NO: 18)

*

>BTH

~MKKLLFIESNTTGTGMLALIKARELGFTPVLLTNNPGRY IGLG~-ETRC
IVLECDTNNLNCIRTIIDSEFEVG-EIRATTTTSEFYIEVVAILAKELGL
IGNPIDTVRKCRNKARMRLLLKGIENIYEPWEYIIDSLERKLELAKDNIKY
BPCVVKEVDDSGOSNNVLKCYSYEEVERHTERKILENKYNVRIQRNAQNILVE
EYVSGQEYSVEIFTYNGRO--RIVGVTORIVDGAPYFIRCGHIFPAPVED
DIRSVIERGVTRKIIEKVNWONGPCHLEIRKIKGERIFLVEFNGRLAGGMIP
ELIRYATGIDLLREQLEKVVIRMRPKLDOND -~ TLYAGIRFIIPLRDGRIT
SIFGVRDIENTVGIKEVELRTIVGESIRRKVENARYGRIGHIIGARENINKL
MY ILDKSMDALEIERTEECEDYEDF N~ o e o o s o o e v e o e

~--- {ZEQ ID NO: 12)
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FIG. 20-4

>BUR

~METEFVEPLIESNTTCTGRLCLOKALLRGEFDVLEVISRPQLY PF L~ ~m
EEMVVPLVADTADFQRIADALAPYAGIAGIFSTIEYYIETAATVATRLGL
“AADPEAIRTCR“KGRLHRRLR RAGVEVADTEIVSERTQLRDLARGATY
PRVLEPAFGSGSVGVRLVRT PAEMLAHGERMLDARGNERGIALARQVLVY
SEVDGPEFSVEVVGLGAEHGHAVLGVIGRELGPLPHEVEAGHDEPAPTAR
AQRDAIVAETLRALDAVGHREGPAEVECRVSGERVVVIEINPRILAGEMIP
QAIEWATGVDVLGAMIDLHAGTPPDLEPR~-RRGHAAIRFVL PARSGELR
ALSFEPDERFAGVRTRFMPLKQLGORIEPAGDIFRDRLALVIASAADPDAL
AHALEDVDRCVIVAIGDAGAAGEGAGAGRLRRTLHPEALATVREPAPRAE
RLAELDAFPAAIDEAHLIMLYDAGICDRARABATVLAELARQRIDARFAARTIAD
ATAPRGTYALYEQLLIBRVGIDAGGAVHTARSRNDINACVAKLRAREWFD
TCGGKLWRVRAATVDRAQHTLDWPLPTYSOYQRAQPGESFGYYLHSVETAL
RRDQAALERLDEELAVCPLGAGAGAGTDFPIRPGVSAALLGEFARSEDSAL
DAVASRDLVLHFLAATAIASTTLSRLAHDLOLWIMRETDFLALPDELSEGE
SSIMPOEKNPYLLEIVRGEKLAHVAGALNAAVEASQRITPESNIVEIGTEML
APCAWRVQAFGEQCDLLRLNVQGVT”DQAKFRAAAEACLVQA?“VANALV
quDTDRHAAFRQ GALITQALDAHEDPARALDALVROPGASIDEAAARL
GGGPGAAGAGLARSPALLROSAERLWRRRAAWHAAEARRRECVADLLA
AAAA {8EQ ID NC: 8}

*
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Target

Dascription

E-value

{Log{E-value)|

Q63UAT_BURPS

Putative bifunctional proiein
{Ligase and argininosuccinate
ivase) {gene:BPSLAT1S)

{.00E+00

A4LBKS BURPE

Putative lyase
{gene: BURPS385_8660¢)

0,00E+00

C8ZGFS_BURPE

Putative lyase
{gene: BURPS1106B_A1258)

0,00&8+00

C6TPZ3_BURPE

Argininosuceoinate iyase
{gene: BURPS1710A_2460)

0,00E+00

Q3JSAD_BURP1

Argininosuccinate lyase domain
protein

. {gene: BURPS1710b_2158)

0,60E+00

COY7HZ2_BURPE

Putalive lyase {gene; BUH_1888}

0,00E+00

FZLEB6_BURGS

Argininosuccinale lyase
{gere: bgla_1g16460)

0,00E+00

QB638V7_BURPS

Putative fusion protein
{Ligase/carboxylase and
argininosuccinate lyase)
{gene: BPSLZ214)

1,00E-196

196

10

ASTIXS_BURMA

Lyase family protein
{gene: BMA721280_A1050)

1,10E-186

195,9586073

11

AIMLOS_BURMY

Argininosuccinale lyase domain
protein {gene: BMA10247_1306)

4,20E-196

185,3767507

12

BiHKHS_BURPE

Argininosuccinate lyase domain
protein
{gene: BURPSS13_P1168)

3,608-195

194,4436975

13

CAKPTS_BURPE

Argininosuccinate fyase 2
{Arginosuccinase 2} (Asal 2)
{gene: GEP346_A2629)

1,20E-184

1930208188

14

A4LD18 BURPE

Lyase family profein
{gene: BURP3305_7168}

3,30E-194

193,4814861
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Target

Description

E-value  |Log{E-value)|

18

C5ZH2Z_BURPE

Lyase family protein
{gene: BURPS1106B_A1783)

4 10E-184 | 1933872161

16

Q3J4QX0_BURP1

Argininosuccinate lyase domain
protein
{gene: BURPS1710b 2646}

570E-184 | 183,2441251

ABKVZ8 BURPE

Argininosuecinate lyase domain
protein
{gene: BURFSPAST_RO310)

2508183 |+ 182,60206

18

COYCHE _BURPE

Lyase family protein
{gene: BUH_2552)

¢,70E-193 | 192,5686362

19

BZHOZ1_BURFE

Argininosuccinate lyase domain
orotein
{gene: BURPS1655_H0298)

6,70E-193 | 182,1738252

20

A1VBD2 BURMS

Argininosuccinate lyase domain
protein
{gena: BMASAVPY_A2122)

1,30E-192 | 191,8860866

21

CS5NAAS_BURMA

Lyase family protein
{gene: BMAPRL20_A1664)

1,40E-182 | 191,853872

22

Q2SX48_BURTA

Argininosuctinate lyase domain
protein
(gene: BTH 11871)

3.80E-192 | 1814202164

23

QG2J65_BURMA

Argininosuccinate lyase domain
protein {gene: BMA1620)

4 70E-182 ¢+ 191,3278021

24

C4AVRB_BURMA

Argininosuccinate lyase 2
{Arginosuccinase 2} {Asal 2)
{gene: BMAGBS8_1709)

- 520E192

191,2839967

25

B7D052_BURPE

Lyase family protein
{gene: BUC_2826)

180,552842

26

ASECR3_BURPE

Argininosuccinate lyase domain

| protain

{gene: BURPS406E_H0439)

3,00E-191 | 1905228787

27

ASNB13_BURPS

Argininosuccinate lyase
{gene: BURPS668_ 2507}

1,10E-180 | 1889586073

28

C0Z25R1 BREBN

Putative uncharactsrized
protein

| {gene: BBR47_51900)

7,80E-186 | 185,1079054
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N Target Description Ewvalue | iLog{E-value)|
Pyridoxal-phosphate dependent !
29 | F5SLPO SBACL | enzyme 7,20E-181 | 180,1428675
{gene: HMPREF8374_4022)
Putative uncharacisrized
3¢ | FOPS08 BACTG | protein 2,50E-171 170,60208
{gene: YBT020 25578}
Argininosuccinate lyase
31 | C2PYS6_BACCE | domain protein (gens: §,00E-171 | 170,2218487
beerefD07_32210
Argininosuccinate lyase 2-like
32 | E3FE26_STIAD protein (gene: STAUR 4851) 1,10E-163 | 1629586073
Argininosuccinate lyase
33 | C3BDI4_BACMY | domain protein 7,80E163 | 162,1079054
{gene: bmyco003_56050)
Argininosuccinale lyase domain
34 | Q08QYB_STIAD orotein (gene: STIAU_0005) 4,80E-141 | 1403187588
Putative pyridoxal-phosphate
35 | BOB530_STRCU | dependent enzyme 280E-135 | 134,552842
{gene: orf R4)
Argininosuccinate lyase -
36 | FOQOP1_ACIAP {cane: Acay. 2530} 460E-134 | 1333372422
Argininosuccinate lyase
37 . A4JPBS_BURVG (gene: Boep1808_5167) 220E-131 | 130,8575773
. Cysteine synthase )
[Ra3h N ) ; -4
38 | CeWLF1 ACTMD {gene: Amir_4500) 4,20E-129 | 128,3767507
; .| Argininosuccinate lyase domain _
3% | C3BTM3_SBAC orotein (gene: bpmyx0001_50290) 9,40E-126 | 125,0268721
Cysteine synthase
F ERMA -
40 | F4FBX7_VERMA (gene: VAB18032_22180) 1,50E-125 | 124,8239087
41 | F1CHSB_BACTC | DABA synthase (gene: npsl) 3,10E-125 | 124,5085383
5 o Diaminoacid synthaseftigase - P
42 | EZEKQ1 8ACTO fusion protein {gene: pactd) 370E-125 ¢ 1244317983
AT . Dieminobutyric acid synthase C ‘
43 | GOWVT2_STRVR (gene: dabC) 7,30E-107 | 106,1366771
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N Target Description E-value | [Log(E-value)]

44 | DBQAU1_STANL Eﬁig?’gsggh;g%*fr‘ze“ protein | 4 50E-104 | 103,3467875
Putative Eigage/carbaxylase {gene:

45 | H2JPF8_STRHJ SHJG_0804) 1,60E-103 | 102,79588

- Bictin carboxylase {gene:

46 | HS5X7R7_OPSEU SacmaDRAFT_3129) 7,10E-100 | 99,14874165

47 | E2DZN4_9BACT | Diaminobutyric acid synthase C 2,00E-82 81,89847
Argininosuccinate ivase {gene:

48 | GOFTBB_AMYMD RAM 24230) 1,70E-80 | 89,78855108

48 | A3KFG4_SBACTO | DabC (gene: dabC) 1,00E-90 | 89,7212484
ATP-dependent

50 | G2PFe2.STRVO | SobotieniaIasse coman | g a0es 8820085045
{gene: Stvi_4637)

51 | AJKFG3_BACTO | DabB (gene: dahB} 3,60E-88 | 874436975
Carbamoyi-phosphate synthase

52 | (GBSKH8_ACTSS large chain {gene: ACPL_3592) 3,70E-87 | 86,43179828

53 | E2D2N3_SBACT | Diaminobutyric acid synthase B 770E-87 | 86,11350927

54 | GOWY71_STRVR ?g‘::‘e‘”gzgg)" cacidsynthase B 790065 | g5,11350027

55 = GOFTBS_AMYMD g’g;’:??;f&c’gjéégase 1,10E-84 | 8395860731
Putative uncharacterized

56 | ASTPUS_ALKMQ protein (gene: Amet _2055) 4,70E-83 | 82,32790214
Argininosuceinate lyase

57 | EOSFE3_DICD3 (gene: Dda3937 02620) B,00E-82 | 81,22184875
Putative uncharacterized protein o

58 | FTKHZ8_9FIRM (gene: HMPREF0994 05500) 8,50E-82 | 81,02227639
ATP-grasp domain protein

59 | D3AGE3_9CLOT (gene: CLOSTHATH_02679) 1,10E-81 | 80,95860731
Putative uncharacterized protein

60 | GBN4Z9 _GEOTH (gene: GTCCBUSALF5_31070) 2,30E-81 | 80,63827216
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Target

Description

E-value

{Log(E-value)|

B3QZ278_RHIES

Putative carboxylase protein
{gens: RHECIAT_PB00000EE)

3.40£-81

80,46852108

Q5KWEE_GECKA

Hypothetical conserved proteln
{gene: GK2762)

5.50E-81

80,25863731

B7GKIZ_ANOFW

Formate-dapsndent
phasphoribosylglycinamide
formyliransferase

(GAR transformyiase) {gene A

1,50E-80

74,82390874

B7GFS1_ANCFW

Predicted carboxylase (ATP-grasp
family) (gene: Aflv_0217)

4,40E-80

79,35654732

ABTPUY_ALKMQ

Pulative uncharacterized protein
{gene: Amet 2054}

1,10E-78

7785860731

66

C2TR35_BACCE

Phosphoribosyiglycinamide
synthetase, ATP-grasp (A} domain
protein

{gene: beere0016_57030)

8,20E-77

76,08618615

67

DSTZCC_BACTH

Phosphoribosylglysinamide
synthetase ATP-grasp
domain-containing protein
{gene: BMB171 _POZ

1,30E-78

75,88605665

68

QQ74NG4_BACCA

Phosphoribosylglycinamide
synthetase, ATP-grasp {A) domain
protein

{gene: BCE_AD170)

1.30E-78

75,88605665

69

HOGBL1_RHIML

Carbamoyi-phosphate synthase L
chain ATP-binding protein
(gene: SMO0D20_34680)

1,90E-78

757212464

70

GBUGTS_BACCE

Putative uncharacterized protein
{gene: bef_10760)

2,10E-76

75,67778071

FEEDQS3 _SINMK

Carbamoyl-phosphate synthase L
chain ATP-binding protein
{gene: Sinme_6718)

7,60E-76

75,11818641

72

F1RGJO_9ACTO

Putative uncharactenzed prolein

1,60E-75

74,79588002

73

E1YQG6_SBACE

Llactate dehydrogenase
{gene: HMPREFO008 (1673}

1,70E-75

74,76955108
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Target

Description

E-value

{Log{E-valug}

H2JPF7_STRHJ

DabB-Fusion protein containing &
ligase and an argininosuccinate
lyase {gene: SHIG_0603)

8,80E-75

74,05551733

C2U7K3_BACCE

Putative uncharacterized protein
{gene: beere 0017_58000)

1.60E-74

73,79588002

GBRVB3_MYCRN

Biotin carboxylase
(gene: MycrhN_2396)

2,10E-74

7367778071

77

DOWHPB_SACTO

ATP-grasp domain protein
{gene: S80G_01010)

2,50E-74

73,60205929

78

Q7NA29_PHOLL

Similarities with putative
carboxylase (gene: plu0116)

3.60E-74

73,4436975

79

DOTCUB_9BACE

Putative uncharacterized protein
{gene: HMPRE F0103_1362)

4,80E-74

73,33724217

D1P1YQ_9ENTR

ATP-grasp domain protein
{gene. PROVRUST _06212)

7,30E-74

73,13667714

C3GAI_BACTU

Putative uncharacterized protein
{gene: bthur 0009_48460)

1,30E-73

72,88605665

HOGBOG_RHIML

Carhamoyl-phosphate synthase L
chain ATP-binding protein
(gene: SM0020_33843)

2,20E-73

7265757732

FEEDRO_SINMK

ATP-grasp fold domain protein,
DUF201-type
(gene: Sinme_6732)

480E-73

72,33724217

H15861_9BURK

Argininosuccinate lyase 1
{(gene: argHt)

5,30E-73

72,27572413

DIXKV3_9ACTO

ATP-grasp domain-containing
protein (gene: SSRG_01345)

7,20E-73

72,1426675

Y4RH_RHISGN

Uncharacterized protein y4rH
{gene: NGR_a01790)

890E-73

7200436481

G4K7A1_ORHIZ

ATP-dependent
carboxylate-amine ligase domain
protein ATP-grasp

(gene: MesauDRAFT _5479)

1,20E-72

71,92081875
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Target

Description

E-value

iLog(E-value}|

98

E8THUG_MESCW

Carbamoyl-phosphate synthase L
chain ATP-binding protsin
(gene: Mesci_5771)

1,20E-72

7192081875

29

F7Yo12_MESOW

ATP-dependent
carboxylate-amine ligase domain
protein ATR-grasp

{gene: Mesop_6349)

1,20E-72

71,9208187%

100

F7XFKE_SINMM

Putative uncharacierized protein
{gene: SM11_ pC1255)

2,308-72

71,83827216

101

A4FNTE_SACEN

Putative fusion protein
{Ligase/carboxylase and
argininosuccinale lvase)
{gene: SACER330)

3,00E-72

71,52287875

102

FOEDJ3_SINMK

Carbamoyl-phosphate synthase L
chain ATP-binding protein
{(gene: Sinme_6636)

8,10E-72

71,06151498

103

D3Q4UO0_STANL

Fumarate lyase
(gene: Snas_2437)

1,00E-71

71

104

E8W7D4 STRFA

Putative uncharacterized
protein (gene; Sfla_ 0476)

2,30E-71

70,63827216
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FIG. 22-1

>Staur 4851

~MNQFVEVESNTTGTGRLAVERLLAQGEQVIFITHQPEKYPFLVGN-KAP
GLEVLEVETNDARAVEACVDGLVREGKVAALLTFSTFYVPTVAATIAARHG
LRYLOPRAAQACHNKHEARALLR-AAGLPGPEFHVIASEAERAAQLAQTVR
FPCVVKPPAESGSTGVRRVDTPEELLAHFRSLEHSRAANERGQSLHGEVELV
ESFLEGPEFSVETMIL-ADCTTHVLGVIQRKYLSAPPYFVEMGHDFPADLP
PERRRALEEAVILAGLAAVGEDFGPAHTEIRFTPAGPVIIEINPRLAGGMI
PELVRLSTGVDLLSAMLDOMILGRPVDLTHT -~ RQDVACIREFITSERPGVL
ARVEGODEASRLGTVROVAVDKRAAGTRLRPPESATDRLGYVIASGPE -~~~
REOQVLGDAARALSLLRVEQAAPSAPA - - - e oo

>BBR47 51800

MNKHFLFVEANTTGTGMLAMKKARKLGFTPVEFTEKPERYHGIN---ELE
CHVVVTDTNSQAELTDEVAQVSKEGRETAGIMSTSDYYLESVAKLARKEG
WISNSLEAIEACRNKAIFRERKLO-RHOQVSQPTFLAISSMEQLLEARSSIS
LPCVVKPADDSGSNNVRLCFSWREVEHMAAR I LATKYNARGOETARTVLL
EQYAEGPEFSVETFSWOGQC~-FVIGITQKRLTGYPFEVEAGHIFPAPLS
VEBKQEIERTVERALARAVEYQFGAAHTEVEWT SAGCVVIEVNARLAGGMT
PELVRRSTGIDLLLOQIRCAAGLEPELSQTIEEQRCAGIHFLVSESQGTE
GGIKGMDTVRNLPGIAEVATHAKIGONVQPPONFSHRLGYVIVEGKHYSE
TAELIEQVEDSLEVOVGQQLE GGV w o om rm e o s o o s o o o e o o em
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FIG. 22-2

>gi}2291682€4 ref | 2P 042%598%9.1 BCE

"""""""""""""""" MLAIRKAKRELGYEPIFLTQRESLYHGLS »~~DLE
CRVIELDINSVDAIRHYITHE~-~-RIEDIAGILITSDYYLETVAELVOMER
LEGNTHQATYYCRNERAMFREKLH~LERVLOPKFHIVOIIDSLONIYSSIQ
FPCVVEPADDSGSNNVRLCSNWEEVEKIATRKI LANKYNARGQERANMVLL
EEYIEGPEYSVEMFSWREGNS~~ICIGITERQLIGFPYEVESGHIFEVELY
KDVOSEIEQIVRCALQAVDIRFCASHIEVRE T SNGOVVIEVNARLAGGMT
PELVRHSTGOVDLLRQOVLESSVEVAPEHKEIEYMN-YAGIHFLIARKKSGEL
STVKGIEEVRELSYIEELVVRAQVEOPVNPPENFSHRLGHVMVRGRTYER
TVLE LB EVARK LR IV -~ e e e

MEKEKLLFVEGNTTGTGILALEKARKLGYEPVELTQEASRY DGLP -~ ~BA

CRVHVIVTDSTHELKRCVEQE~~KAEAVALILTTSDYYLEISAKLVQELG
LTGNSPRATHLCRNKALYREKLE-SREVPOPNFHIIRSMEDLRETRESVR
LECLVKPADDSGSNNVRLCFSHGEVEQLTSKILKIERNARGQKTSQTVLL
EEYIEGPEYSVEMPSKQGKS~~TCIGITERQLTCYRPYFVESGRVEPAVLE
TOVOREIERKTVROSLEAVEPQPGASHSEVRW T PNGCVMIETRARLAGGM T
PELVRHSTGVDLIEQQILCAAGVAPEWKOVVPTG-CEGIHFIVAAEAGRL
SSVDNLEAVRELFPGVEEMMVKAQVGRAVOPPRRESDRLGHVIVIGKSYER

VB R E T SNMT BT KT S = m o o e et o e o o e o e
“““““ {3EQ ID NO: 8
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FIG. 22-3

>gil 228758608 gL EEMOTT42.11 BMY

———————————————— MIALNKARKLYGFSPVEITHNNPDRYVGLE ~~~KAR
CEIFICDTHNIENLYETINNN -LEVDRKIQGITTTSERFYLEIVSELARKYG
LPRNSVOAIRNCRNELETRNCLE-EARVROPRFEEVISISDINKSLNIIGC
LPCIVKPVDDSGSNGVRECKTVAEVEEQTLEILSWKENSRGQSTVOTVLL
EEFIDAPEYSVEIFSFREGKG-~KCVGITERKLIGFPEFVERQHVEPARLY
ADVIREIQNTVEDALFAVGITNGPTHTEVRKLTPOCECALIEINARLAGGMI
PHLIQISTGIDMLEYQLLLSVGRKYKAP -~ TLNYQRYAGIKFIVINLDGIL
NDIRGVERVRTLOGVNQVNINVNRGDKVISPRKNAYDRLGYVIVEGNSYER

TEARLNKSIEKLE L LGN m o mm oo o e
mmmmm {(SEQ ID NO: 18}

-,

>BTH
~MKKLLFIESNTTGTGMLALIKARELGFTPYLLTNNPGRY IGLG~~~ETK

CIVLECDTNNLNCIRTIIDSEFEVE-DIXAITTTSERYIBEVVAILARELG
LIGNPIDTVERCRNEAEMRLLLEGIENIYEPWEPYIIDSLEKLELAKDNIK
FPOCVVKPVDDSGSRNVLKCYSYEEVHRETERTILONKYNVRSORNAQNTI LY
EEYVSGQEYSVEIFTYNGKC-~KIVGVTQRKIVDGAPYFIRCGHIFFAPVS
DRIRSVIERGVIKIIERVNWONGPCHLEIKIKGEKIFLVEFNGRLAGEMI
PELIXKYATGIDLLKEQLEVVIRMRPRKLDONP-~TLYAGIRFIIPLRDGKI
TSIFGVNDIENTVGIRKEVRLRTIVGESIRRKVERAYGRIGHI IGAAENINK
LNYILDESMDALEIRIEECEDYRDEN -~ m e m o e e i e
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FiG 22-4

>BUR

~METEVEIESNTIGIGRLCLOKALLRGFDVLEVTERPQLYPFLO -~~~
EEMVVPLVADTADPQRIADALAPYACIAGIFITSEYYIETAATVATRLG
LPAADPEATRTCADKGRLHRRLR~DAGVGVADTEIVSERTOLRDLAHGAT
YERVLKPAFGSGEVEVRLVRTPAEMIAHGCERMLDARGNERGTIALARQVLY
QSFYDEPEFSVEVVGLCAERHCHAVLGVIGKHLGPLPHEVEAGHDEFPARPIA
ARQRDAIVAETLRALDAVCHREGPAOVECRVIGORVVVIEINPRLAGGNMT
POATEWATGVDVLGAMIDLHAGTPPRDLEPR-~RRGHAATREVLPARSGEL
RALSFEPDERFAGVRTRIMPLEQLGORIEPAGDFRORLALVIASAARDPDA
LAHALEDVDRCVTVAIGDAGRAGEGAGAGRLRRTLHPEALAIVREKPAPRA
ERLAELDAFAAIDEAHLIMLVDAGICDRARAATVLAELARQRDAKFAALA
DAIAPRGIYALYEQLLIERVGIDAGGAVHTARSRNDINACVAKLRAREWE
DTCGGRIWRVRARIVDRKAQHTLDRE PLPTYSOYQARGPGSFCYYLWSVETA
LRRDGAALERLDEELAVCPLGAGRAGAGTDFPIRPGVIAALLGFARSFDIR
LDAVASRDLVIHFLAATAIASTTLSRLANDLOLWIMRETDFLALPDELSG
GSSLMPOKENPYLLEIVKGKLAHVAGALNAAVFASQRTPESNEVEIGTEM
LAPCADAVQAFGESCRLLRLMVSGVIGDRPAKMRARAEACLVSATQVANAL
VRETDISFHARAHRQIGALITQALDAHEDPAARALDALYRQPGASIDEAAAR
LAYGGGPGAAGAGLARSRALLROSARRLWRRRARWHARHARRRGCVADLL
BAARA (SEQ ID NO: 8)
*

>AEME

~MAHLLMIESFPIGGNAVLLPRLLEQLGHTYTFITRSRGITRSSTHSNEHY
VIQHADEI IEANTNDASYVVLDTILGRKFLDGVITICDY Y IETVVEVAKELS
IPCPFPRAVKNVRYKQELROTLD-AAGISNPRYGLAYRWLEVLLVARNIG
YPVVLKPVDLSSSAYVRLIRSEEDLRDAYHEQLNAFPINWRDOERDCTYLL
EEYMESNEVSVEAVTFNGET~-TITGITUKSLMGAPYFIEDAHMEPANIS
HIMELKISGYVVEALOAAGY DYGVSHTEVXKLTDAGPRIVEINPRVAGDYT
AETIRKLVCNVDILRAFVDLIIGIEPSITRRETGISSACVRELT PHRGGKI
VNIVGVDTLASDSHIDSFRVEDCIGKTIVGDPIDNAGRIGHIITRDTEGYN
AMNYAYEAMEHTEILTEE ~ oo o oo oo o oo e o s e s e e o o

i e e e m mn mmi e i mm . e e an TR <R A R T tm o A e T P Ao Aok R T A Ak S i T A s s

————— {SEQ ID NCG: 14}
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N Target Description Ewalue | |Log(E-value)|
Putative bifunctional protein

1 1 QB3UAT_BURPS | {Ligase and argininosuccinate 0,00E+00
ivase) (gene: BPSL1715)
Putative lyase

2 | A4LBK5 BURPE (gene: BURPS305_6606) 0,00E+00
Argininosuccinate lyase

3 | CBTPZI BURPE (gene: BURPS1740A_2469) 0,00E+00
Argininosuccinate lyase domain

4 | Q3JSA0_BURP1 | protein 0,00E+00
{gene: BURPS1710b_2158)
Putative lyase

§ | COZCF0 BURPE 1 oo BURPS1106B_A1258) 0.00E+00

6 | COY7H2 BURPE  Putative lyase (gene: BUH_1888) | 0,00E+00
Argininosuccinate lyase

8 | F2LEBG6_BURGS (gene: bgla_1g16460) 0,00E+C0
Putative fusion protein
(Ligase/carboxylase and

9 | Q63SV7_BURPS argininosuccinate lyase) 1,10E-195 | 194,9586073
{gene: BPSL2214)
Lyase family protein

10 | ASTJX5_BURMA (qene: BMA721280_A1050) 1,20E-195 | 1949208188
Argininosuccinate lyase domain

7 - 9

11 ASMLO8_BURM? orotein (gene: BMA10247_1396) 5,00E-195 194,30103
Argininosuccinate lyase domain

12 | B1HKH5_BURPE | protein 4,30E-194 |+ 193,3665315
{gene: BURPS313_P1188)
Argininosuccinate lyase 2

13 | C4KPTE_BURPE | (Arginosuccinase 2) (Asal 2) 1,40E-193 | 192,853872
{gene: GBP346_A2629

o Lyase family protein

14 | A4LD16_BURPE (gene: BURPS305_7168) 3,80E-193 | 1924202164
Lyase family protein

15 | C5ZJHZ_BURPE (gene: BURPS11068_A1783) 5,10E-193 | 192,2924298
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Targst

Description

E-value

{Log(E-value}|

16

Q34QXG_BURPY

Arginincsuccinate yase domain
protein
{gene: BURP31710b_2848)

6,50E-183

192,1870866

17

ASKVZs_BURPE

Asgininosuccinate lyase domain
protein
{gene: BURPSPAST RO310)

2.90E-192

191,537602

18

COYCHE_BURPE

Lyase family protein
(gens: BUH_2552)

3,50E-192

181,456832

19

B2H3Z1_BURPE

| Argininosuccinate lyase domain

profein
{gene: BURP31655_H0288)

7,70E-192

191,1135083

20

A1VSD2 _BURMS

Argininosuccinate lyase domain
profsin
{gene: BMASAVPY A2122)

1.50E-1¢1

190,8239087

21

CENAAS_BURMA

Lyase family protein
{gene: BMAPRL20_A1864)

1,70E-191

190,7695511

22

(62J85_BURMA

Argininosuccinale lyase domain
protein (gene: BMA1620)

6,20E-191

190,2076083

23

C4AVRE_BURMA

Argininosuccinate lyass 2
{Arginosuccinase 2 (Asal 2)
{gene, BMAGBS_1708)

8,90E-191

180,1611509

24

QZSX45_BURTA

Argininosuccinate lyase domain
protein {gene: BTH_I1971)

9,00E-191

190,0457575

25

ABECB3_BURPE

Argininosuccinate lyase domain
protein
{gene: BURPSA06E_H0439)

3,30E-180

189,4814861

26

B7D052_BURPE

Lyase family profein
{gene: BUT_2825)

| 4508180

189,3467875

27

AINB13_BURPS

Argininosuccinate lyase
(gene: BURPSH68_2507)

1,30E-189

188,8860566

28

COZ5R1_BREBN

Putative uncharacterized protein

{gene: BBR47_51300)

1,00E-175

175

28

F5SLPO_9BACL

Pyridoxal-phosphate dependent

enzyme
{gene: HMPREF9374_4022)

2.60E-168

168,5850267
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N Target Description E-value | |Log(E-valusj]
Argininosuccinate lyase domain
30 C2PY86_BACCE orotein (gene: boere0007_32210) 6,50E-162 | 161,1870886
Putative uncharacterized protein
31, FOPS0S_BACTO {gene: YBT020 25570) 4,70E-181 | 180,3278021
Argininosuccinate lyase 2-like
32 | EJIFE2E_STIAD protein (gene: STAUR_4851) 7,20E-158 | 154,1428675
Argininosuccinate lyase domain
33 | C3BDi4 BACMY | protein 7,60E-153 | 152,1191864
{gens: bmyco00(3_56050)
Putative uncharacterized protein
34 . ASTPUS_ALKMQ (gene: Amet_2055) 1,50E-143 | 142,8239087
Argininosuccinate lyase domain . o
9 .
35 QO08QSY_STIAD orotein (gene: STIAU_0005) 2,60E-134 | 133,5850267
Argininosuccinate lyase : "
36 | FOQOP1_ACIAP (gene: Acav_2530) 2,30E-133 | 1326382722
Putative pyridoxal-phosphate : -
37 = BOBS30_STRCU dependent enzyme (gene: orf R4) 6,30E-131 | 130,2008595
Argininosuccinate lyase
A 420
38 | A4JPBS_BURVG (gene: Boep1808_5167) 440E-128 | 128,3565473
) Cysteine synthase a
39 | COWLF1_ACTMD (gene: Amir_4500) 590E-124 | 123,220148
Cysteine synthase
4 .
10 | FAFSX7_VERMA (gene: VAB18032_22180) 1,60E-122 121,79588
Argininosuccinate lyase domain
41 CIBTM3_8BACI orotein (gene: bpmyx0001 50290) 4 00121 120,39794
42 | FICHS8 SACTO | DABA synthase (gene: npsl) 5,20E-121 | 120,2839967
Diaminoacid synthase/ligase fusion i
43 | EZEKQ1_SACTO oroteln (gene: paci9) 2,00E-120 119,69897
- Putative uncharacterized protein a AnE.
44 |+ F7KHZ8 _SFIRM (gene: HMPREF(0994 05500) $.80E-111 | 110,0087739
~ ATP-grasp domain protein ﬂ
45 D3AGE3_8CLOT (qene: CLOSTHATH 02679) 1A0E-110 | 108,9586073
Diaminobutyric acid synthase C
46 | GOWV72_STRVR (gene: dabC) 1,70E-103 : 102,7695511
Putative ligase/carboxylase
47 | H2JPF8_STRHJ (gene: SHIG._0604) 3,20E-101 100,48485
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FIG. 23-4

N Target Deseription E-value | [Log{E-valus)]
Putative uncharacterized protein

48 1 ABTPU7 _ALKMQ {gene: Ame!, 2054) P 9308101 | 100,0315171

Putative uncharacterized protein

{geng: Snas_2438)

+ amapy | Biolin carboxylase .y

50 | HBX7R7_GPSEU {gene: SacmaDRAET 3129) 480E-98 | 9733724217

Carbamoyl-phosphate synthase

large chain {gene: ACPL_3582)

ATP-dependent carboxylate-amine

52 | G2PF8Z_STRVD | ligase domain protein ATP-grasp 280802 | 9155284197

{gene: Shvi 45637}

53 . F1DGJO_BACTQ | Putalive uncharaclerized prolein 270581 | 90,56863624
ATP-grasp domain protein =

54 | DOWHPE_SACTC (gene: SSOG._01010) 410580 | 8938721614

55 1 E2D2N4_9BACT | Diaminobutyric acid synthase C 570E-80 | B8244125Y4

56 | A3KFG3 9ACTO | DabB {gene: dabB) 1,50E-88 | 87,82350874

57 | A3KFG4_SACTO | DabC (gene: dabC) 6,00E-88 | B7,22184875

58 1 E2D2N3_UBACT | Diamincbutyric acid synthase B 340E-87 | 8646852108
Argininosuscinate lyase e

56 | GOFTB8_AMYMD (ggne: RAm_zaazsg) 6,20E-87 | 86,20760831

ATP-grasp domain-containing

. protein {gene: SSRG_01345;

Diaminobutyric acid syrthase B

{gene; dabB)

Putative fusion protein

{Ligase/carboxylase and

argininosuceinate lyase}

{gene; SACE_6330}

Predicted carboxylase (ATP-grasp

family) (gene: Aflv_0217)

Argininosuccinate lyase

{gene: RAN_24235)

Putative uncharacterized profein

{geng: Sfla_D476)

49 1 D3Q4UT_STANL 6905100 ¢ ©9,16115081

51| (GBSKH8_ACTSS 2A0E-92 | 9161978876

60 | DIXKV3I_BACTO 980E-87 | 8601772877

61 | GOWV71_STRVR 2,80E-86 | 8555284197

B2 | A4FNTE_SACEN 530E-86 | 8527572413

63 | BTGFS1_ANOFW 1,80E-85 | 8474472749

64 | GOFTBS_AMYMD 450E-85 | 84,345678749

65 | ESW7D4_STRFA 1,30E-84 | 83,88605665




U.S. Patent Aug. 30, 2016 Sheet 51 of 61 US 9,428,783 B2

FIG. 24-1

>Staur 4851

~MNQFVEVESNTTCTGRLAVERLLAQCEQVI FITHQPERY PFLVEN ——~—
~KAPGLEVLKVETNDARAVEACVDGLYREGEVAARLLTFSTFYVPTIVALIA
ARHGLRYLOPRAAQACHNKHEARALLR ~AAGLPGPEFHVIASEAEAAQLA
QIVRFPCVVKPPAESGSTGVRRVDT PEELLAHFRSLESRAANERGQSLHG
EVLVESFLEGPEFSVETMT L-ADGTTHVLGVTQRY LOAPPYFVEMGHDEF
ADLPPERRRALEEAVLAGLAAVCEPDFGPAHTEIRFTPAGPVIIEINPRLA
GGMIPELVRLSTGVDLLSAMLIOMLGRPVDLTHT - ~RODVACIRIITEER
PGVLARVEGQODEASRLGTVRQVAVDKAAGTRLRPPESATDRLGYVIASGE
E-~~RGQVLGDAARALSLLRVEQAAPSARA - o e o o e

>BBR47 51800

MNKHFLEVEANTTGTGMLAMKRARKLGF T PVEFTEKPERYHGLN »—~ -~
~ELECHVVVIDTNSQAELTDSVAQVIKEGREIAGIMITEDYYLESVAKLA
RRKFGWISNSLEATIEACRNKAIFREKLO-RHQVSQPTFLAISSMEQLLEAR
SSISLPCVVKPADDSGENNVRLCFSWREVEHMAAR I LATRKYNARGQRETAR
TYLLEQYAEGPEFSVETFSWQGRC-~FVIGITQKRLTGYRPFEFVEAGHIFY
APLSVERKQEIERTVERALAAVKYQFGARHTEVEWTSAGCVVIEVNARLA
GGMIPELVRRISTGIDLLLOQIRCAAGLEPELSQTIBEQRCAGIHFLVEES
QGTEFGEZIKGMDTVENLPGIAEVATHAKIGQNVOPPONEFSHRLEYVIVEGK
HYSETAELIEQVKDSLEVOVERQLESGY ————— o o e e
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FIG. 24-2

>qi| 229168264 ref | 2P 04295989.1 BCE
~~~~~~~~~~~~~~~~~~~ MLATRKAKELGYEPT FLIQKKSLYHGLE~— ===~

~DLECRVIELDTNSVDAIKHY I IHE-~KIEDIAGILTTSDYYLETVAELV
CMFRLSGNTHRATIYYCRNKAMFREKLH~LEKVLOPRKFRIVOSIDSLONTY
SEIQFBLVVKPADDSGSNNVRLOSNREEVER IATEILANKYNARGQERAN
MVLLEEYIEGPEYSVEMESWEGNS -~ ICIGITERQLTGEFPYFVESGRIEP
VELPRDVQSEIEQTVECALDAVDFRFGASHSEVKWTENGCVVIEVNARLA
GGMIPELVRESTGVDLLROOVLESVEVAPERKEIEYMN ~YAGTIHILTAKK
QGFASTVK"IEE’QELS ¢EHLVVKA“VGQPVNPEENTSBRuq TVMVRGR

>gi{33337432% (ref | ZF (B46827¢.1 DES

MEKRLLFVEGNTTICTGILALERARKLGYEPVELTQEASRYDGLP - === —-
~BAKCRVHAVIVTDS IHELKRCVSQE~~KABAVAGTLTTSDYYLEI 3AKLY
QELGLTGNSPRAIBLCRNRKALYREXKLR~SESVPQPNFHIIRSMEDLRETR
ESVPLPCLVKPADDSGSNNVRLCEFSHGEVEQLTSKILKIERNARGOKTSQ

TYLLEEYIEGPEYSVEMEFSWHQGRS ~~TCIGITERQLTGYPYEVESGHVEP
AVILPTDVQQEIRKTVEQSLEAVEFQFGASHIEVRWIPNGCVMIETNARLA
GEMIPELVRHSTGVDLIEQQILCARGVAPHEKQVVETG-CAGIRFIVAAL
AGRLSSVDNLEAVRRLPGVEEMMVEAQVGQAVOPPFENFSDRLCGEVIVEGK
SYERVVERLEE I SNMI SLEI S o o oo s oo ot o e e
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FIG. 24-3

>g1 228758608 g |EEMOTT742.11 BMY

~~~~~~~~~~~~~~~~ MIALNRAKLYGESPVEITNNPDRYVGLE~~————
~KAECSIFICOTNNIENLYET INNN~LEVDKIQGITITEEFYLEIVEELA
RRYGLPRNSVOAIRNCRNKLETRNCLE-EARKVROPRKFEEVTISISDINKSL
NIIGLPCIVKPVDDSGENGVRFCKTIVAEVHEQTLEILSWRKKNSRGRITVY
TVLLEEFIDAPEYSVEIFSFEGKG~~KCVGITERKLIGEPHFVEHQHVED
AKLPADVIREIQNTVEDALKAVGITNGPTHTEVRLTPOGCAIIEINARLA
GOMIPRLIQISTGIDMLEYQLLLEVGEYRAP -~ I LNYQRYAGTIKFIVSNL
DEILNDIRGVERVRTLOGVNQVNINVNRGDEVISPENAYDRLGYVIVEGN
SYEETEARLNESIEELEI LVGN « o oo i e o e o e e o oo

o vt ome cmm e wn VI e

»>BTH

~MEELLFIESNTTCIGMLALIKARELGETPVLLTNNPGRY IGLG~~— -
~ETECIVLECDTNNLNCIRTIIDSEFEVG-EIKAITTTSEFYIEVVAILA
KRLGLIGNPIDTVKRCANKAEMRLLLRGIENIVEPREFYIIDSLERLELAK
DNIKFPCVVKEVDDESGSNNVLKCYSYEEVKRETERILSNKYNVRSQKNAR
NILVEEYVSGQEYSVEIFTYNGKC--KIVGVTORKIVDGAPYFIECGHIFP
BPVSDDIRSVIERGVTKITERKVNWONGPCHLEIRIKGERIFLVEENGRLA
GGMIPELIRYATGIDLLEKEQLEVVTRMRPRLIGNP-~TLYAGIRFIIPLR
DERITSIFCVNDIENTVGIKEVALRTIVGESIRKVENAYGRIGHITGARAR
NINKLNYILDKSMDALEIEIEECEDYEDEN -~~~ m e mm s o e e e

mmeememme (SEQ ID NO: 12)
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FIG. 24-4

>BUR

~MRKTEVFIRSNTTGIGRLCLORALLREFDVLEVISRPQLYPFLG- -~
mmmmmm EEMVVPLVADTADPORIADATLAPYAGTIAGIFSTSEYYIETRATVA
TRLGLPAADPEAIRTCRODKGRLHRRLR-DAGVGVADTEIVSERTQLRDLA
HGATYPRVLEPAPGSGSVGVRLVRTPAEMLAHGERMLDARGNERGIALAR
QVLVQSEVDGPEISVEVVELGAEHGHAVILCVTGKHLGPLPHEVEAGHDE?
APTAAAQRDAIVAETLRALDAVGHRYGPAHVECRVEGGEVVVIEINFRLA
GGMIPQAIEWATGVDVLGAMIDLHAGTPPRLGPR--RRGHAATRFVLPAR
SGELRALSFEPDERFAGVRTRIMPLEQLGORIEPAGDERDRLALVIASAA
DPUDALAHALEDVDRCVIVALGDAGAAGEGAGAGRLRRTLHPEALATIVREE
APRAERLAELDAFAAIDEAHLIMIVDAGICDRARAATVLAELARQRDAKE
ARTADATAPRGTYALYEQLLIERVGIDAGGAVHTARSRYNDINACVAKLRA
REWFDTCGGKLWRVRAAIVDRAQHTLDWPLPTY SQYQARARPGEFEYYLWS
VETALRRDQAALERLDEELAVCPLGRCAGACTDEFPIRPGVSAALLGFARS
FDEAL DAVASRDLVLHFLAAEAIAS“TLDRLA&DMQHW MRETDFLALPD
ELSGESSLMPORENPYLLEIVKGKLAHVAGALNAAVFASQRTPFENSVET
GTEVLPPCADAVQAEG&SCDLLR MY SGVIGDPAKMRARAEAGIVSATOV
ANALVRETDISFHARHRQIGALITQALDAHEDFRAALDALVROPGASIDE
AAARLAYGCEPGAAGAGLARSRALLROSAERTWRRRAAWHAAHARRRGCV
ADLLAARRR {SEQ ID NO: B}

kS

>BME

~MAHLIMIESFIGGNAVLLPRLLE QLG%“YTFITRQKGIEKS FHENEHV
VIQHADEIIEANTNDASVVIDT IL—~—~CGKEFDGVITTICDYYIETVVEVA
KELSIPCPIPRAVENVRYRQKLRQTLD- AAQWSYPQXGLAVNWD“V*LVA
KNIGYPVVLEPVDLESSAYVRLIRSEEDLRDAYEQLNAFPINWRDQERDC
TYLLEKYMEGNEVSVEAVTENGET--TIICGITORSLMGAPYFIEDAHMEP
ANISHDMELKISGYVVKALQAAGYDYGVSHTEVRLTDAGPRIVEINPRVA
GDYITAEITKLVCNVDILRAFVDLEIGIEPSITRKRETGISSACVRFLTPHR
GGRIVNIVGVDTLASDIHIDSFRVEDCIGKTVGDPIDNAGRIGHIITKDT
EGYNAMNYRAYEAMEH TRTTEE m o oo o oo or o mm s s o oot oo e e s ee
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FIG. 24-5

>SFL

~MAHLLVVESWVGSMSRLLPRALGEGGHHEFTFLTRDLOEYLRARPEGTDH
PLLTARNVVTAPTNDLGALLEPQVERLHEALRFDGVVTSCDYYLPTAARTA
GLLGLPGPSAEAMERKACRKDATRRVLG-AAGVPGFRFAVCADGAEARRVAR
HDLGYPLVVKPVDLCAGMEVRRVDDEDQLAEACAALARFPYNARGQRRTE
HVLLEEYLRGPEVSVETVICKGVA-~HVVGVTDKSVGGAPAFVETGHMER
AALSPDDLARATGTALSAGAALGLDDVVAHTEIKLTEDGPRVVEVNPREPA
GNRITELVRHVTGIDLAAACVDVALGREPDLRPRDIGTRSAAIGEFLVPGR
AGTLASVEGADRVRDADGVLEVQTAE~PGRTIVEAADSNNAYLGHVMAGDA
TGLGARDRVETLLAERLRPRILVRE — e mm e o om s o o o o o o e e

_________ (SEQ ID NO: 16)
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N Target Description E-value | [Log{E-value)|
Putative bifunctional protein {Ligase
1| QB3UA1T_BURPS | and argininosuccinate lyase) (gene: | 0,00E+C0
BP3L1715)
Putative lyase
2 | AJLBKS BURPE (gene: BURPS305_6606) 0,00E+00
Argininosuccinate lyase
3| C6TPZ3_BURPE (gene: BURPS1710A_2469) 0,00E+00
Argininosuccinate lyase domain
4| QRISAOBURPY | ohein (gene: BURPS1710b_2158) | o0=+00
Putative lyase
5 C5ZGFE BURPE e BURPS1106B_A1258) 0,00£+00
6 | COY7H2_BURPE | Putative lyase (gene: BUH_1888) 0,00E+00
Argininosuccinate lyase
8 | F2LEBE_BURGS (gene: bgla_1g16460) 0,00E+00
Putative fusion protein
o | as3sv7_BURpg | (Ligasefcarboxylase and 360E-194 | 1934436975
argininosuccinate lyase)
(gene: BPSLZ214)
Lyase family protein
10 | ABTJX5_BURMA (gene: BMA721280_A1050) 4,00E-194 193,39794
Argininosuccinate lyase domain
11 | ASMLO8_BURM7 orotein (gene: BMA10247_1396) 1,60E-193 162,79588
Argininosuccinate lyase domain
12 | B1HKH5_BURPE orotein (gene: BURPSS13_P1168) 1,40E-192 161,853872
Argininosuccinate lyase 2
13 | C4KPT5_BURPE | (Arginosuccinase 2) (Asal 2) 4,80E-192 | 191,3187588
(gene: GBP348_A2629)
Lyase family protein a
14 | A4LD16_BURPE (gene: BURPS305_7168) 1,20E-181 | 190,9208188
. Lyase family protein
15 | CBZJHZ_BURPE (gene: BURPST1068_A1783) 1,70E-181 | 180,7695511
Argininosuccinate lyase domain
16 | Q3JQX0_BURP1 oroteln (gene: BURPS1710b_2646) 2,20E-191 | 190,6575773
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N Target Description E-value | |Log{E-valuel|
Argininosuccinate lyase domain

17 | ABKVZE _BURPE | protein 9,70E-181 | 1900132283
{gene; BURPSPAST_RO31D)

n Lyass family profein

18 | COYCHG BURPE (gene: BUH_2552) 1,10E-190 | 189,9586073
Argininosuccinate lvase domain

18 | B2HOZ1_BURPE  protein 2,8CE-180 | 1895850267
{gene: BURPS1655_H0Z88)

: e | Argininosuccinate lyase domain ‘o 490G 5054
20 | A1vBD2_BURMS orotein (gene: BMASAVPY AZ122) 510E-180 1 189,2624208
CENAAS_BURM | Lyase family protein £ o .

2 (gene: BMAPRL20_A1864) §60E-13C | 189,251812
Argininosuceinate lyase domain .

22 Q28X48_BURTA orotein {gene: BTH 11971) 2,00E-188 188,69887

Lonra | Argininosuccinate lyase domain .

23 | QB2J65S_BURMA orotein (gene; BMA1620) 2, 10E-188 | 1886777807
Asgininosuccinate lyase 2

24 | C4AVRE_BURMA | {Arginosuccinase 2} {Asal 2} 2,30E-189 ¢+ 188,8382722
{gene: BMAGES_170%9)
Argininosuccinate iyase domain

25 | ABECB3I_BURPE | protein 1,00E-188 188
{gene: BURPS406E_HO43%)
Lyase family protein 4

26 | B7D052_BURPE (gene: BUC, 2825} 1,60E-188 187,75588
Argininosuccinate lyase A

27 | AJNB13_BURPS (gene: BURPS658_2507) 450E-188 | 1873467875
Putative uncharacterized protein

28 | COZ5R1_BREBN {gene: BBRAT_51900) 1,50E-171 | 170,8239087
Pyridoxal-phosphate dependent

28  F5SLPC_SBACL | enzyme 3,50E-164 163,455932
{aene: HMPREFS374_4022}
Argininosuccinate lyase domain

30 | CZPYSE_BACCE orofein (gene: bered007_32210) 7,70E-158 | 157,1135093
Putative uncharacterizad protein

31 | FOPSG8_BACTD {gene: YBT020 25570) 3,10E-154 |  153,5086383
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N Target Description Evalue  |Log{E-value)l
Argininosuccinate lyase 2-like 1,40E-15
32 | E3FE26_STIAD protein (gene: STAUR_4851) 8 148,8586073
Argininosuccinate lyase domain 2 6OE-14
33 | C3BDI4_BACWY | protein 3’ 147,5850267
{gene: bmycof003_56050)
ASTRUS_ALKM | Putative uncharacterized protein 2,00E-13
% {gene: Amet 2055) 9 138,63857
35 | FOQOP1_ACIAP gggg?‘f\f;ff’ggg%;yase SHER L aa4045
- ey | Pulative pyn::loxainphos_;}hate | 1.60E-13
3 | BOBS30_STRCY dependent enzyme {gane: orf_R4) 2 13179568
s Argininosuccinate lyase domain 3,60E-13 n
»37 Q08QYY_STIAD orotein (gene: STIAU_0005) p 130,4436975
38 | ESW7D4_STRFA fg‘g::’_"gf‘;:c&?;;mzed protein g,eaau;z  128,5228787
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FIG 26

Model & Model 2 Model 3 Model 4 Model B Model 8 Model 7
T 7 T T 7 3 5

2 % 8% £ 0§ 2 0§ 8 3 8./ % & %
s s 4158 £ £ f &8/ f £ £ B B
& @ & g & 8 = [ < ] = ] s B
g 1 g = g 1 g 1 2 = 2 1 2 =
& 51 &5 &£ g & Z & gI&E g1 A 3
(<] & L] £ 2 ] =]

= = = = = = =

BER | 250 | BBR| 227 | BBR | 215 | 8BR | 210 |BUR| «- |BUR! = [BUR| «
STA | 233 | DES | 224 | DES | 214 | DES | 206 | BBR| 185 {BBR| 175 | BBR | 171

BCE | 215 { BCE 205 | BCE | 197 DES| 180 | DES| 168 | DES | 163

STA | 196 (| BMY | 164 | BTH | 196 |BTH | 171 | BCE | 161 | BCE | 1587

STA | 182 BMY | 186 (BCE 170 | BTH | 160 | BTH | 153

STA | 175 1 8TA | 163 | 8TA | 1564 | STA | 150

BMY | 162 { BMY @ 152 | BMY | 147

AME | 142 | AME | 139

SFL | 128
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FIG. 27
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1
DNA ENCODING
DIPEPTIDE-SYNTHESIZING ENZYME
(VARIANTS), BACTERIUM BELONGING TO
THE GENUS ESCHERICHIA, AND METHODS
FOR PRODUCING DIPEPTIDES USING
THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation of, and claims priority
under 35 U.S.C. §120 to, International Patent Application
No. PCT/IP2013/069712, filed on Jul. 11, 2013, which
claims priority therethrough under 35 U.S.C. §119 to Rus-
sian Patent Application No. 2012-129311, filed on Jul. 11,
2012, which are incorporated in their entireties by reference.

TECHNICAL FIELD

The present invention relates to the biotechnology indus-
try, and specifically to novel dipeptide-synthesizing
enzymes and methods for producing dipeptides, in particu-
lar, dipeptides having an acidic L-amino acid residue at the
N-terminus.

BACKGROUND ART

Dipeptides are used in the fields of pharmaceuticals,
foods, and various other fields. For example, the dipeptide
Asp-Glu has been used for preparation of the diuretic and
natriuretic pharmaceutical composition (FR2662359 Al). A
pharmaceutical composition, containing dipeptides having
agonistic effects on NR1/NR2A and NR1/NR2B subtypes of
NMDA receptor is known (JP 2009209131 A). Taste prop-
erties of numerous dipeptides have been studied. For
example, the dipeptide Asp-Val has sourness taste (Sogame
S. and Matsushita 1., New Food Ind., 1996, 38(12):44-49
(Japanese)). An excellent saltiness-strengthening agent is
known obtained by using a dipeptide containing glutamic
acid such as Glu-Ala, Glu-Asp, Glu-Glu, Glu-lle, Asp-Glu,
His-Glu, Trp-Glu, etc. (WO 2009113563 Al).

A variety of methods of producing dipeptides are known,
including extraction from protein hydrolysates, chemical
synthesis from protected and/or activated amino acids, and
enzymatic synthesis using peptidases and protected amino
acids (Akabori S. et al., Bull. Chem. Soc. Japan, 1961,
34:739; Monter B. et al., Biotechnol. Appl. Biochem., 1991,
14(2):183-191). A cloning vehicle encoding peptide com-
prised by the repeating amino acid sequence (Asp-Phe)n has
been reported to be useful for production of benzylated and
methylated derivatives of dipeptide Asp-Phe (European Pat-
ent Application No. 0036258).

The synthesis of dipeptides using chemical and/or chemi-
cal-enzymatic approaches requires introduction and removal
of protecting groups for functional groups of amino acids to
be joined, and isolation of desired product from racemic
mixture. The process is thus considered to be disadvanta-
geous from the point of view cost, efficiency, and necessity
to discard the concomitant chemicals such as organic sol-
vents, salts, and the like.

Several approaches for enzymatic synthesis of dipeptides
and derivatives thereof have been reported, which include a
method using reverse reaction of proline iminopeptidase
having ability to produce a peptide from an L-amino acid
ester and an [.-amino acid (Russian Patent No. 2279440), a
method using non-ribosomal peptide synthetase (NRPS)
(U.S. Pat. Nos. 5,795,738 and 5,652,116; Dockel S. and
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Marahiel M. A., Chem. Biol., 2000, 7:373-384; Dieckmann
R. et al., FEBS Lert., 2001, 498:42-45), a method using
aminoacyl-tRNA-synthetase (Japanese Patent Publication
Nos.: 58-146539 (1983), 58-209992 (1983), and 59-106298
(1984)), and a method using a mutant protein having the
peptide-synthesizing activity (Russian Patent Application
2007127719).

The enzymes belonging to the ATP-dependent carboxy-
late-amine/thiol a-ligase superfamily have been widely used
for production of dipeptides having an a-peptide bond
between two L-amino acids. For example, by using the
homology search function of Subtilist (http(colon)//genolist
(dot)pasteur(dot)fr/Subtilist/), which is a database of the
genomic DNA of Bacillus subtilis 168, and the amino acid
sequence of D-Ala-D-Ala ligase gene derived from Bacillus
subtilis 168, the ywiE gene has been found, which encodes
the enzyme capable of synthesizing dipeptides having at the
N-terminus the L-amino acid such as, in particular, [.-Ala,
L-Gly, L-Met, L-Ser, and L-Thr (Tabata K. et al., J. Bacte-
riol., 2005, 187(15):5195-5202; U.S. Pat. Nos. 7,514,243
and 7,939,302). Despite the Yw{E protein (bacilysin syn-
thetase, enzyme classification number (EC) 6.3.2.28) has
extremely broad substrate specificity, the enzyme does not
accept highly charged amino acids such as L-Lys, L-Arg,
L-Glu, and L-Asp, and secondary amines such as L-Pro
(Tabata K. et al., J. Bacteriol., 2005, 187(15):5195-5202).
Also, a protein encoded by the rhizocticin synthetase gene
and having dipeptide-synthesizing activity has been
described, which utilizes [.-amino acids, Gly, and p-Ala as
substrates (U.S. Pat. No. 7,939,294). As confirmed by the
liberated phosphoric acid (Pi) as well as TOFMS and NMR
analyses, the enzyme places [.-Arg and L-Lys on the N-ter-
minus of dipeptide. The Hidden Markov Model (HMM)-
based profile analysis revealed five L.-amino acids a.-ligases
(Lals) originating from Treponema denticola ATCC 35405,
Photorhabdus luminescence subsp. laumondii TTO1, Strep-
tococcus mutants UA159, Streptococcus pneumoniae
TIGR4, and Actinobacillus pleuropneumoniae serovar 1 str.
4074, capable of forming from L-amino acids various pep-
tidyl compounds as proved by the release of phosphoric acid
(Senoo A. et al., Biosci. Biotechnol. Biochem., 2010, 74(2):
415-418). No dipeptide formation was confirmed in combi-
nation of L-Glu or L-Asp with other L-amino acids. A
mutant protein having the peptide-synthesizing activity has
been confirmed by HPLC using standard samples to form
dipeptides bearing [.-Met at the N-terminus (Russian Patent
Application 2007127719). The in silico screening performed
with the help of the NCBI’s BLAST service (http(colon)//
www(dot)ncbi(dot)nlm(dot)nih(dot)gov/BLAST/) and
based on the amino acid sequence of Lal from B. subtilis
(BsLal) has revealed a protein RSpl1486a from Ralstonia
solanacearum, which is capable of forming dipeptide bond
as confirmed by the release of phosphoric acid (Kino K. et
al., Biochem. Biophys. Res. Comm., 2008, 371:536-540;
European Patent Application No. 1870454). The structural
analysis using NMR technique confirmed formation of
dipeptides having L[-Ser, L-Met, L-Gln, L-Phe, L-His,
L-Ala, and L-Cys at the N-terminus. Despite the inorganic
phosphate release has been confirmed in the mixture con-
taining RSp1486a and L-Asp with L-Phe, L-His, L-Met,
L-Cys or L-Ala; or RSp1486a and L.-Glu with [.-Phe, [.-His,
L-Met, L-Cys, L-Ser, or L-Ala, the structural analysis of
reaction products has not been performed. No additional
phosphoric acid release above background level has been
observed in reaction mixture containing RSpl1486a and
L-Asp or L-Glu. A newly discovered L-amino acid ligase
RizB from B. subtilis NBRC3134 has been found to syn-
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thesize various heteropeptides and homo-oligomers of
branched-chain amino acids consisting of 2 to 5 amino acid
residues (Kino K., Yakugaku Zasshi, 2010, 130(11):1463-
1469). For example, formation of dimer, trimer, and tetramer
of L-Val has been proven by LC-ESI-MS analysis in the
mixture containing RizB, [-Val, and L-Glu or L-Asp. No
heteropeptides have been revealed.

DISCLOSURE OF INVENTION
Problem to be Solved by the Invention

To date, no data has been reported demonstrating synthe-
sis of dipeptides having an acidic [.-amino acid residue such
as L-Glu or L-Asp residue at the N-terminus and any other
L-amino acid or a derivative thereof at the C-terminus using
an L-amino acid a-ligase (Lal).

Means for Solving Problem

An aspect of the present invention is to provide a DNA
encoding [.-amino acid a-ligase (Lal) capable of synthesiz-
ing dipeptide(s) having an acidic L-amino acid such as
L-Asp or L-Glu at the N-terminus and any other [.-amino
acid or a derivative thereof at the C-terminus, in a reaction
mixture which contains a high-energy molecule such as
adenosine 5'-triphosphate (ATP), or a salt thereof.

Another aspect of the present invention is to provide a
bacterium of the genus Escherichia, exemplary belonging to
the species Escherichia coli, which has been modified to
contain the DNA encoding Lal as described herein.

Another aspect of the present invention is to provide
methods for producing dipeptides having an acidic L-amino
acid such as L-Asp or L-Glu at the N-terminus and any other
L-amino acid or a derivative thereof at the C-terminus in a
reaction mixture, which contains a high-energy molecule
such as adenosine 5'-triphosphate, or a salt thereof, using the
Lal enzyme as described herein or a bacterium of the genus
Escherichia, which has been modified to contain the DNA
encoding the Lal enzyme as described herein.

These aims were achieved by the finding novel bacterial
L-amino acid a-ligases (Lals) catalyzing formation of
dipeptides having an acidic L-amino acid such as L.-Asp or
L-Glu at the N-terminus.

An aspect of the present invention is to provide a DNA
encoding a protein having dipeptide-synthesizing activity,
wherein the DNA is selected from the group consisting of:

(A) a DNA having the nucleotide sequence of SEQ ID
NOs: 1, 3,5,7,9, 11, 13, 15 and 17;

(B) a DNA hybridizing under stringent conditions with
the nucleotide sequence complementary to the sequence
shown in SEQ ID NOs: 1, 3, 5, 7, 9, 11, 13, 15 and 17,
wherein the stringent conditions comprise washing one time
or more in a solution containing a salt concentration of
1xSSC, 0.1% SDS or 0.1xSSC, 0.1% SDS at 60° C. or 65°
C.;

(C) a DNA encoding a protein having the amino acids
sequence of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18;

(D) a DNA encoding a variant protein having the amino
acid sequence of SEQ ID NOs: 2, 4, 6, 8,10, 12, 14, 16 and
18, but which includes substitution, deletion, insertion, or
addition of one or several amino acid residues and has
dipeptide-synthesizing activity according to the amino acid
sequence of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18;

(E) a DNA encoding a protein having homology, defined
in |Log 10(E-value)l-values, of not less than 128, not less
than 142, not less than 162, not less than 175, not less than
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182, not less than 196, or not less than 233 to the amino acids
sequence of SEQ ID NOs: 2, 4,6, 8, 10, 12, 14, 16 and 18,
and dipeptide-synthesizing activity according to the amino
acid sequence of SEQ ID NOs: 2, 4, 6, 8,10, 12, 14, 16 and
18.

It is an aspect of the present invention to provide a
recombinant DNA for expression of the DNA as described
above containing the DNA as described above.

It is an aspect of the present invention to provide a
dipeptide-producing bacterium belonging to the genus
Escherichia modified to contain the recombinant DNA as
described above.

It is a further aspect of the present invention to provide the
bacterium as described above, wherein the bacterium
belongs to the species Escherichia coli.

It is a further aspect of the present invention to provide the
bacterium as described above, wherein the bacterium is
modified to have attenuated or inactivated one or more genes
encoding proteins having peptidase activity.

It is a further aspect of the present invention to provide the
bacterium as described above, wherein the genes encoding
proteins having peptidase activity are selected from the
group consisting of pepA, pepB, pepD, pepE, pepP, pepQ,
pepN, pepT, iadA, iaaA(ybiK), and dapE.

It is an aspect of the present invention to provide a protein
having the dipeptide-synthesizing activity, wherein the pro-
tein is selected from the group consisting of:

(F) a protein having the amino acids sequence of SEQ ID
NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18;

(G) a variant protein having the amino acid sequence of
SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18, but which
includes substitution, deletion, insertion, or addition of one
or several amino acid residues and has dipeptide-synthesiz-
ing activity according to the amino acid sequence of SEQ ID
NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18;

(H) a protein having homology, defined in [Log 10(E-
value)l-values, of not less than 128, not less than 142, not
less than 162, not less than 175, not less than 182, not less
than 196, or not less than 233 to the amino acids sequence
of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18, and
dipeptide-synthesizing activity according to the amino acid
sequence of SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14 and 16.

It is an aspect of the present invention to provide a method
for producing the protein as described above comprising:

(a) cultivating the bacterium as described above in a
culture medium to produce the protein;

(b) accumulating the protein in the bacterium or culture
medium, or both; and, if necessary,

(c) collecting the protein from the bacterium or the culture
medium.

It is an aspect of the present invention to provide a method
for producing a dipeptide or a salt thereof comprising the
steps of:

(a) reacting [.-amino acids or [.-amino acid derivatives, or
salts thereof under appropriate conditions in the presence of
the protein as described above;

(b) accumulating the dipeptide or a salt thereof in an
appropriate solvent; and, if necessary,

(c) collecting the dipeptide or a salt thereof from the
appropriate solvent.

It is an aspect of the present invention to provide a method
for producing a dipeptide or a salt thereof comprising the
steps of:

(a) cultivating the bacterium as described above in a
culture medium;

(b) accumulating the dipeptide in the bacterium or culture
medium, or both; and, if necessary,
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(c) collecting the dipeptide from the bacterium or the
culture medium.

It is a further aspect of the present invention to provide the
method as described above, wherein the L-amino acids or
derivatives thereof are selected from the group consisting of
L-alanine, [-arginine, [-asparagine, [.-aspartic acid, L.-cys-
teine, L-glutamic acid, L-glutamine, glycine, L-histidine,
L-isoleucine, L-leucine, L-lysine, L-methionine, L-phenyl-
alanine, L-proline, L-serine, L-threonine, L-tryptophan,
L-tyrosine, L-valine, and a lower alkyl ester of L-phenyl-
alanine.

It is a further aspect of the present invention to provide the
method as described above, wherein the dipeptide is repre-
sented by the formula:

R1-R2

wherein R1 is an acidic L-amino acid residue or a
derivative of acidic L-amino acid residue, and R2 is an
L-amino acid residue or a derivative of L-amino acid
residue, wherein the L-amino acid residue is selected from
the group consisting of [-alanine, L-arginine, [.-asparagine,
L-aspartic acid, L-cysteine, L-glutamic acid, L-glutamine,
glycine, L-histidine, L-isoleucine, L-leucine, L-lysine,
L-methionine, L-phenylalanine, L-proline, L-serine,
L-threonine, L-tryptophan, L-tyrosine, L-valine, and a lower
alkyl ester of L-phenylalanine residue.

It is a further aspect of the present invention to provide the
method as described above, wherein R1 is the L-aspartic
acid or L-glutamic acid residue, and R2 is the L-glutamic
acid, L-isoleucine, L-phenylalanine, L-tryptophan [.-valine
or a lower alkyl ester of L-phenylalanine residue.

It is a further aspect of the present invention to provide the
method as described above, wherein R1 is L-aspartic acid
residue, and R2 is L-phenylalanine or a lower alkyl ester of
L-phenylalanine residue.

It is a further aspect of the present invention to provide the
method as described above, wherein the lower alkyl ester of
L-phenylalanine is methyl, ethyl or propyl ester of the
L-phenylalanine.

The present invention is described in details below.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows the scheme for the ligation reaction cata-
lyzed by L-amino acid ligases (Lals). R, and R are side-
chain groups which may be of the same or different kinds.
ATP means adenosine 5'-triphosphate, ADP means adenos-
ine 5'-diphosphate, and Pi means inorganic phosphate, phos-
phoric acid, or a salt thereof.

FIG. 2 shows the activity of BBR47_51900 in ligation of
canonical L-amino acids of the same kind.

FIG. 3 shows the activity of BBR47_51900 in ligation of
canonical L-amino acids of two different kinds, wherein one
kind is L-Glu. Cnt: control (L-Asp).

FIG. 4 shows the activity of BBR47_51900 in ligation of
canonical L-amino acids of two different kinds, wherein one
kind is L-Asp. Cnt: control (L-Asp).

FIG. 5 shows the activity of Staur_4851 in ligation of
canonical L-amino acids of two different kinds, wherein one
kind is L-Asp.

FIG. 6 shows the activity of Staur_4851 in ligation of
L-Asp and L-Phe determined by TLC analysis. 1—(Tris-
HC1 pH 9.0 50 mM, MgCl, 10 mM, L-Asp 10 mM, L-Phe
10 mM, ATP 10 mM, Staur_4851 2 pg); 2—(Tris-HCI pH
8.0 50 mM, MgCl, 10 mM, L-Asp 10 mM, L-Phe 10 mM,
ATP 10 mM, Staur_4851 2 ng); 3—(Tris-HC1 pH 8.0 50
mM, MgCl, 10 mM, L-Asp 20 mM, L-Phe 0 mM, ATP 10
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6
mM, Staur_4851 2 ng); 4—(Tris-HC1 pH 8.0 50 mM, MgCl,
10 mM, L-Asp 0 mM, L-Phe 20 mM, ATP 10 mM,
Staur_4851 2 pg); 5—(Tris-HCI pH 8.0 50 mM, MgCl, 10
mM, L-Asp 10 mM, L-Phe 10 mM, ATP 0 mM, Staur_4851
2 ng); 6—(Tris-HCI pH 8.0 50 mM, MgCl, 10 mM, L-Asp
10 mM, L-Phe 10 mM, ATP 10 mM, Staur_4851 0 ng).

FIG. 7 shows the activity of BBR47_51900 in ligation of
L-Asp and L-Phe determined by LC-QTOF/MS/MS analy-
sis. SP: sample; ST: standard (aAsp-Phe and fAsp-Phe).

FIG. 8 shows the activity of BBR47_51900 in ligation of
L-Asp and [-Val determined by LC-QTOF/MS/MS analy-
sis. SP: sample; ST: standard (aAsp-Val).

FIG. 9 shows the activity of BBR47_51900 in ligation of
L-Glu and [-Val determined by LC-QTOF/MS/MS analysis.
SP: sample; ST: standard (aGlu-Val and yGlu-Val).

FIG. 10 shows the alignment of BBR47_51900 and
Staur_4851 (ClustalW, outputted in PIR format).

FIG. 11-1 shows the output data obtained by the
HMMsearch program using the alignment of BBR47_51900
and Staur_4851 (NOs. 1-18 of first 49 hits are presented).

FIG. 11-2 shows the output data obtained by the
HMMsearch program using the alignment of BBR47_51900
and Staur_4851 (NOs. 19-34 of first 49 hits are presented).

FIG. 11-3 shows the output data obtained by the
HMMsearch program using the alignment of BBR47_51900
and Staur_4851 (NOs. 35-49 of first 49 hits are presented).

FIG. 12 shows the distribution diagram of ILog 10(E-
value)l-values obtained by the HMMsearch program using
the alignment of BBR47_51900 and Staur_4851 (see FIG.
10). The following hits are marked with solid arrows:
1—BBR47_51900, 2—Staur_4851, 3—DES, 4—BCE,
5—BMY, 13—BTH, 17—BUR, 47—AME, 49—SFL.

FIG. 13 shows the alignment of BBR47_51900,
Staur_4851, DES and BCE (ClustalW, outputted in PIR
format).

FIG. 14-1 shows the output data obtained by the
HMMsearch  program using the alignment of
BBR47_51900, Staur_4851, DES and BCE (NOs. 1-18 of
first 65 hits are presented).

FIG. 14-2 shows the output data obtained by the
HMMsearch  program using the alignment of
BBR47_51900, Staur_4851, DES and BCE (NOs. 19-35 of
first 65 hits are presented).

FIG. 14-3 shows the output data obtained by the
HMMsearch  program using the alignment of
BBR47_51900, Staur_4851, DES and BCE (NOs. 36-51 of
first 65 hits are presented).

FIG. 14-4 shows the output data obtained by the
HMMsearch  program using the alignment of
BBR47_51900, Staur_4851, DES and BCE (NOs. 52-65 of
first 65 hits are presented).

FIG. 15 shows the distribution diagram of ILog 10(E-
value)l-values obtained by the HMMsearch program using
the alignment of BBR47_51900, Staur_4851, DES and BCE
(see FIG. 13). The following hits are marked with solid
arrows: 1—BBR47_51900, 2—DES, 3—BCE,
4—Staur_4851, 5—BMY, 8 —BTH, 18—BUR, 33—AME,
62—SFL.

FIG. 16-1 shows the aligned BBR47_51900, Staur_4851
and DES in the alignment of BBR47_51900, Staur_4851,
DES, BCE and BMY (ClustalW, outputted in PIR format).

FIG. 16-2 shows the aligned BCE and BMY in the
alignment of BBR47_51900, Staur_4851, DES, BCE and
BMY (ClustalW, outputted in PIR format).

FIG. 17-1 shows the output data obtained by the
HMMsearch  program using the alignment of
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BBR47_51900, Staur_4851, DES, BCE and BMY (NOs.
1-17 of first 65 hits are presented).

FIG. 17-2 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE and BMY (NOs.
18-33 of first 65 hits are presented).

FIG. 17-3 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE and BMY (NOs.
34-48 of first 65 hits are presented).

FIG. 17-4 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE and BMY (NOs.
49-61 of first 65 hits are presented).

FIG. 17-5 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE and BMY (NOs.
62-65 of first 65 hits are presented).

FIG. 18-1 shows the aligned Staur_4851, BBR47_51900
and BCE in the alignment of BBR47_51900, Staur_4851,
DES, BCE, BMY and BTH (ClustalW, outputted in PIR
format).

FIG. 18-2 shows the aligned DES, BMY and BTH in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY
and BTH (ClustalW, outputted in PIR format).

FIG. 19-1 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY and BTH
(NOs. 1-18 of first 73 hits are presented).

FIG. 19-2 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY and BTH
(NOs. 19-33 of first 73 hits are presented).

FIG. 19-3 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY and BTH
(NOs. 34-47 of first 73 hits are presented).

FIG. 19-4 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY and BTH
(NOs. 48-62 of first 73 hits are presented).

FIG. 19-5 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY and BTH
(NOs. 63-73 of first 73 hits are presented).

FIG. 20-1 shows the aligned Staur_4851 and
BBR47_51900 in the alignment of BBR47_51900,
Staur_4851, DES, BCE, BMY, BTH and BUR (ClustalW,
outputted in PIR format).

FIG. 20-2 shows the aligned BCE and DES in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY,
BTH and BUR (ClustalW, outputted in PIR format).

FIG. 20-3 shows the aligned BMY and BTH in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY,
BTH and BUR (ClustalW, outputted in PIR format).

FIG. 20-4 shows the aligned BUR in the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH and
BUR (ClustalW, outputted in PIR format).

FIG. 21-1 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH and
BUR (NOs. 1-14 of first 104 hits are presented).

FIG. 21-2 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH and
BUR (NOs. 15-28 of first 104 hits are presented).
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FIG. 21-3 shows the output data obtained by
HMMsearch  program using the alignment
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH
BUR (NOs. 29-43 of first 104 hits are presented).

FIG. 21-4 shows the output data obtained by
HMMsearch  program using the alignment
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH
BUR (NOs. 44-60 of first 104 hits are presented).

FIG. 21-5 shows the output data obtained by
HMMsearch  program using the alignment
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH
BUR (NOs. 61-73 of first 104 hits are presented).

FIG. 21-6 shows the output data obtained by
HMMsearch  program using the alignment
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH
BUR (NOs. 74-97 of first 104 hits are presented).

FIG. 21-7 shows the output data obtained by
HMMsearch  program using the alignment
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH
BUR (NOs. 98-104 of first 104 hits are presented).

FIG. 22-1 shows the aligned Staur_4851 and
BBR47_51900 in the alignment of BBR47_51900,
Staur_4851, DES, BCE, BMY, BTH, BUR and AME (Clust-
alW, outputted in PIR format).

FIG. 22-2 shows the aligned BCE and DES in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY,
BTH, BUR and AME (ClustalW, outputted in PIR format).

FIG. 22-3 shows the aligned BMY and BTH in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY,
BTH, BUR and AME (ClustalW, outputted in PIR format).

FIG. 22-4 shows the aligned BUR and AME in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY,
BTH, BUR and AME (ClustalW, outputted in PIR format).

FIG. 23-1 shows the output data obtained by the
HMMsearch  program using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR
and AME (NOs. 1-15 of first 65 hits are presented).

FIG. 23-2 shows the output data obtained by the
HMMsearch  program using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR
and AME (NOs. 16-29 of first 65 hits are presented).

FIG. 23-3 shows the output data obtained by the
HMMsearch  program using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR
and AME (NOs. 30-47 of first 65 hits are presented).

FIG. 23-4 shows the output data obtained by the
HMMsearch  program using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR
and AME (NOs. 48-65 of first 65 hits are presented).

FIG. 24-1 shows the aligned Staur_4851 and
BBR47_51900 in the alignment of BBR47_51900,
Staur_4851, DES, BCE, BMY, BTH, BUR, AME and SFL
(ClustalW, outputted in PIR format).

FIG. 24-2 shows the aligned BCE and DES in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY,
BTH, BUR, AME and SFL (ClustalW, outputted in PIR
format).

FIG. 24-3 shows the aligned BMY and BTH in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY,
BTH, BUR, AME and SFL (ClustalW, outputted in PIR
format).

FIG. 24-4 shows the aligned BUR and AME in the
alignment of BBR47_51900, Staur_4851, DES, BCE, BMY,
BTH, BUR, AME and SFL (ClustalW, outputted in PIR
format).
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FIG. 24-5 shows the aligned SFL in the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR,
AME and SFL (ClustalW, outputted in PIR format).

FIG. 25-1 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR,
AME and SFL (NOs. 1-16 of first 38 hits are presented).

FIG. 25-2 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR,
AME and SFL (NOs. 17-31 of first 38 hits are presented).

FIG. 25-3 shows the output data obtained by the
HMMsearch  program  using the alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR,
AME and SFL (NOs. 32-38 of first 38 hits are presented).

FIG. 26 shows the analysis of isofunctional Lals using
profile HMMs (Models 1 to 7). * E-value=0 (FIGS. 21, 23,
and 25). BBR means BBR47_51900, and STA means
Staur_4851.

FIG. 27 shows the TLC-analysis of the specific aspartic
peptide-hydrolyzing (DP3-hydrolyzing) activity in the E.
coli 4-5A strains. A solution (1 pL.) of the 5-fluorotryptophan
(standard) was used for calibration: (1) 3 mM, (2) 2 mM, (3)
1 mM, and (4) 0.5 mM. An aliquot (1 pL) of reaction mixture
containing Mn** (5, 6) or Zn** (7, 8) was loaded onto
TLC-plate.  Abbreviations:  SFT—S5-fluorotryptophan,
DP3—1L.-Asp-L-5-fluorotryptophane dipeptide, Asp—1.-As-
partate.

FIG. 28 shows the scheme for investigation of the DP3
toxicity due to the specific aspartic peptide-hydrolyzing
activity inthe E. coli 1-5A strains. The E. coli strain is grown
in the presence of DP3 dipeptide. Being accepted by the
peptidase plus strain (. coli P*), DP3 is hydrolyzed result-
ing in formation of L-aspartate and S-fluorotryptophane
(5FT). The SFT is toxic for cell thus resulting in growth
arrest. The DP3 dipeptide is stable and does not affect cell
growth in a peptidase-deficient strain or in the strain with
low peptidase activity (E. coli P7)

BEST MODE(S) FOR CARRYING OUT THE
INVENTION

1. Enzyme

The phrase “an enzyme” can mean an L-amino acid
a-ligase (Lal) having activity of joining amino acids in a
high-energy molecule-dependent manner to form the pep-
tide bond between amino acid residues.

The enzyme of the present invention can be an [.-amino
acid a-ligase selected from the group consisting of
BBR47_51900 (a hypothetical protein), Staur_4851 (argini-
nosuccinate lyase 2-like protein), DES (pyridoxal-phosphate
dependent enzyme), BUR (putative lyase), BCE (arginino-
succinate lyase domain protein), BTH (hypothetical protein
YBT020_25570), AME (conserved hypothetical protein),
SFL (protein of unknown function DUF201), and BMY
(argininosuccinate lyase domain protein), which is not lim-
ited to the aforementioned proteins.

The nucleotide sequence of the gene (NCBI Reference
Sequence: YP_002774671.1; nucleotide positions: 5464162
to 5465418, complement; Gene ID: 7721040) from Brevi-
bacillus brevis NBRC 100599 (NCBI Taxonomy ID:
358681) and the amino acid sequence of BBR47_51900
encoded by the gene are shown in SEQ ID NO: 1 and SEQ
ID NO: 2, respectively.

The nucleotide sequence of the gene (NCBI Reference
Sequence: AD0O72629.1; nucleotide positions: 5973963 to
5975216, complement; Gene 1D: 9878344) from Stigmatella
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aurantiaca DW4/3-1 (NCBI Taxonomy ID: 378806) and the
amino acid sequence of Staur_4851 encoded by the gene are
shown in SEQ ID NO: 3 and SEQ ID NO: 4, respectively.

The nucleotide sequence of the gene (GenBank accession
No. EGKO06810.1, GI: 332967701) from Desmospora sp.
8437 (NCBI Taxonomy ID: 997346) and the amino acid
sequence of DES encoded by the gene are shown in SEQ ID
NO: 5 and SEQ ID NO: 6, respectively.

The nucleotide sequence of the gene (GenBank accession
No. EBAS51208.1, GI: 134251129) from Burkholderia
pseudomallei 305 (NCBI Taxonomy ID: 425067) and the
amino acid sequence of BUR encoded by the gene are shown
in SEQ ID NO: 7 and SEQ ID NO: 8, respectively.

The nucleotide sequence of the gene (GenBank accession
No. EEK72190.1, GI: 228615090) from Bacillus cereus
AH621 (NCBI Taxonomy ID: 526972) and the amino acid
sequence of BCE encoded by the gene are shown in SEQ ID
NO: 9 and SEQ ID NO: 10, respectively.

The nucleotide sequence of the gene (GenBank accession
No. ADY24341.1, GI: 324329081) from Bacillus thuringi-
ensis subsp. finitimus (strain YBT-020) (NCBI Taxonomy
ID: 930170) and the amino acid sequence of BTH encoded
by the gene are shown in SEQ ID NO: 11 and SEQ ID NO:
12, respectively.

The nucleotide sequence of the gene (GenBank accession
No. ABR48216.1, GI: 149949688) from Alkaliphilus met-
alliredigens QYMF (NCBI Taxonomy ID: 293826) and the
amino acid sequence of AME encoded by the gene are
shown in SEQ ID NO: 13 and SEQ ID NO: 14, respectively.

The nucleotide sequence of the gene (GenBank accession
No. ADW01942.1, GI: 320007092) from Streptomyces fla-
vogriseus ATCC 33331 (NCBI Taxonomy ID: 591167) and
the amino acid sequence of SFL. encoded by the gene are
shown in SEQ ID NO: 15 and SEQ ID NO: 16, respectively.

The nucleotide sequence of the gene (NCBI Reference
Sequence: ZP_04160564.1, GI: 229002475) from Bacillus
mycoides Rock3-17 (NCBI Taxonomy 1D: 526999) and the
amino acid sequence of BMY encoded by the gene are
shown in SEQ ID NO: 17 and SEQ ID NO: 18, respectively.

Since there may be some differences in DNA sequences
between the genera or species and strains of said genera, the
genes encoding BBR47_51900, Staur_4851, DES, BUR,
BCE, BTH, AME, SFL and BMY are not limited to the
genes shown in SEQ ID NOs: 1, 3, 5,7, 9, 11, 13, 15, or 17
but may include genes which are variant nucleotide
sequences of or homologous to SEQ ID NOs: 1, 3,5, 7, 9,
11, 13, 15, or 17, and which encode variants of the
BBR47_51900, Staur_4851, DES, BUR, BCE, BTH, AME,
SFL. and BMY proteins. Moreover, the genes encoding
BBR47_51900, Staur_4851, DES, BUR, BCE, BTH, AME,
SFL and BMY can be variant nucleotide sequences.

The phrase “a variant nucleotide sequence” can mean a
nucleotide sequence which encodes “a variant protein”.

The phrase “a variant nucleotide sequence” can mean a
nucleotide sequence which encodes “a variant protein” using
any synonymous amino acid codons according to the stan-
dard genetic code table (see, for example, Lewin B., Genes
Vill, 2004, Pearson Education, Inc., Upper Saddle River,
N.J. 07458).

The phrase “a variant nucleotide sequence” can also mean
a nucleotide sequence which hybridizes under stringent
conditions with the nucleotide sequence complementary to
the sequence shown in SEQ ID NOs: 1,3, 5,7, 9, 11, 13, 15,
or 17, or a probe which can be prepared from the nucleotide
sequence under stringent conditions provided that it encodes
functional L-amino acid a-ligase. “Stringent conditions”
include those under which a specific hybrid, for example, a
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hybrid having similarity of not less than 80%, not less than
90%, not less than 95%, not less than 96%, not less than
97%, not less than 98%, or not less than 99% is formed, and
a non-specific hybrid, for example, a hybrid having homol-
ogy lower than the above is not formed. For example,
stringent conditions can be exemplified by washing one time
or more, or in another example, two or three times, at a salt
concentration of 1xSSC (standard sodium citrate or standard
sodium chloride) and 0.1% SDS (sodium dodecyl sulfate),
or in another example, 0.1xSSC and 0.1% SDS, at 60° C. or
65° C. Duration of washing depends on the type of mem-
brane used for blotting and, as a rule, should be what is
recommended by the manufacturer. For example, the rec-
ommended duration of washing for the Amersham
Hybond™-N+ positively charged nylon membrane (GE
Healthcare) under stringent conditions is 15 minutes. The
washing step can be performed 2 to 3 times. As the probe,
a part of the sequence complementary to the sequences
shown in SEQ ID NOs: 1, 3, 5,7, 9, 11, 13, 15, or 17 may
also be used. Such a probe can be produced by PCR using
oligonucleotides as primers prepared on the basis of the
sequences shown in SEQ ID NOs: 1, 3, 5,7, 9, 11, 13, 15,
or 17, and a DNA fragment containing the nucleotide
sequence as a template. The length of the probe is recom-
mended to be >50 bp; it can be suitably selected depending
on the hybridization conditions, and is usually 100 bp to 1
kbp. For example, when a DNA fragment having a length of
about 300 bp is used as the probe, the washing conditions
after hybridization can be exemplified by 2xSSC and 0.1%
SDS at 50° C., 60° C. or 65° C. Alternatively, the stringent
condition may be hybridization in 6xSCC at about 45° C.
followed by one or two or more washings in 0.2xSCC and
0.1% SDS at 50 to 65° C.

As the genes encoding the BBR47_51900, Staur_4851,
DES, BUR, BCE, BTH, AME, SFL. and BMY proteins have
already been elucidated (see above), the variant nucleotide
sequences encoding variant proteins of the BBR47_51900,
Staur_4851, DES, BUR, BCE, BTH, AME, SFL and BMY
proteins can be obtained by PCR (polymerase chain reac-
tion; refer to White T. I. et al.,, Trends Genet., 1989,
5:185-189) utilizing primers prepared based on the nucleo-
tide sequence of the genes encoding BBR47_51900,
Staur_4851, DES, BUR, BCE, BTH, AME, SFL and BMY.
Genes encoding the BBR47_51900, Staur_4851, DES,
BUR, BCE, BTH, AME, SFL. and BMY proteins or their
variant proteins of other microorganisms can be obtained in
a similar manner.

The phrase “a variant protein” can mean a protein which
has one or several changes in the sequence compared with
SEQID NOs: 2, 4, 6, 8,10, 12, 14, 16, and 18, whether they
are substitutions, deletions, insertions, and/or additions of
amino acid residues, but still maintains an activity similar to
that of the BBR47_51900, Staur_4851, DES, BUR, BCE,
BTH, AME, SFL and BMY proteins, respectively, or the
three-dimensional  structure of the BBR47_51900,
Staur_4851, DES, BUR, BCE, BTH, AME, SFL and BMY
proteins is not significantly changed relative to the wild-type
or non-modified proteins. The number of changes in the
variant protein depends on the position or the type of amino
acid residues in the three dimensional structure of the
protein. It can be, but is not strictly limited to, 1 to 45, or 1
to 30, 0r 1 to 15, 0r 1 to 10, or 1 to 5, in SEQ ID NOs: 2,
4, 6,8, 10,12, 14, 16 and 18.

The exemplary substitution, deletion, insertion, and/or
addition of one or several amino acid residues can be a
conservative mutation(s) so that the activity and features of
the variant protein are maintained, and are similar to those
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of the BBR47_51900, Staur_4851, DES, BUR, BCE, BTH,
AME, SFL and BMY proteins. The representative conser-
vative mutation is a conservative substitution. The conser-
vative substitution can be a substitution, wherein substitu-
tion takes place mutually among Phe, Trp and Tyr, if the
substitution site is an aromatic amino acid; among Ala, Leu,
ITle and Val, if the substitution site is a hydrophobic amino
acid; between Glu, Asp, Gln, Asn, Ser, His and Thr, if the
substitution site is a hydrophilic amino acid; between Gln
and Asn, if the substitution site is a polar amino acid; among
Lys, Arg and His, if the substitution site is a basic amino
acid; between Asp and Glu, if the substitution site is an
acidic amino acid; and between Ser and Thr, if the substi-
tution site is an amino acid having hydroxyl group.
Examples of conservative substitutions include substitution
of Ser or Thr for Ala, substitution of Gln, His or Lys for Arg,
substitution of Glu, Gln, Lys, His or Asp for Asn, substitu-
tion Asn, Glu or Gln for Asp, substitution of Ser or Ala for
Cys, substitution Asn, Glu, Lys, His, Asp or Arg for Gln,
substitution Asn, Gln, Lys or Asp for Glu, substitution of Pro
for Gly, substitution Asn, Lys, Gln, Arg or Tyr for His,
substitution of Leu, Met, Val or Phe for Ile, substitution of
Ile, Met, Val or Phe for Leu, substitution Asn, Glu, Gln, His
or Arg for Lys, substitution of Ile, Leu, Val or Phe for Met,
substitution of Trp, Tyr, Met, Ile or Leu for Phe, substitution
of Thr or Ala for Ser, substitution of Ser or Ala for Thr,
substitution of Phe or Tyr for Trp, substitution of His, Phe or
Trp for Tyr, and substitution of Met, Ile or Leu for Val. These
changes in the variant protein can occur in regions of the
protein which are not critical for the function of the protein.
This is because some amino acids have high homology to
one another so that the three dimensional structure or
activity is not affected by such a change. Therefore, the
protein variants encoded by the genes shown in SEQ ID
NOs: 1, 3,5,7,9, 11, 13, 15, or 17 may have a similarity or
identity of not less than 40%, not less than 50%, not less than
60%, not less than 70%, not less than 80%, not less than
90%, not less than 95%, not less than 96%, not less than
97%, not less than 98%, or not less than 99% with respect
to the entire amino acid sequences shown in SEQ ID NOs:
2,4,6,8,10, 12, 14, 16 and 18 as long as the functionality
of the BBR47_51900, Staur_4851, DES, BUR, BCE, BTH,
AME, SFL and BMY proteins, respectively, is maintained.
Alternatively, the protein variants encoded by the genes
shown in SEQ ID NOs: 1, 3, 5,7, 9, 11, 13, 15, or 17 may
have a homology, which can be defined using the |Log
10(E-value)l-values calculated by the HMMsearch program
when the profile hidden Markov model (profile HMM)
based on the aforementioned program is originated (Finn R.
D. et al., HMMER web server: interactive sequence simi-
larity searching, Nucleic Acids Res., 2011, 39 (Web Server
issue):W29-37), as described below in Example 6, of not
less than 128, not less than 142, not less than 162, not less
than 175, not less than 182, not less than 196, or not less than
233, with respect to the entire amino acid sequences shown
in SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18 as long as
the functionality of the BBR47_51900, Staur_4851, DES,
BUR, BCE, BTH, AME, SFL. and BMY proteins, respec-
tively, is maintained.

The exemplary substitution, deletion, insertion, and/or
addition of one or several amino acid residues can also be a
non-conservative mutation(s) provided that the mutation(s)
is/are compensated for by one or more secondary mutations
in the different position(s) of amino acids sequence so that
the activity and features of the variant protein are main-
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tained, and are similar to those of the BBR47_51900,
Staur_4851, DES, BUR, BCE, BTH, AME, SFL and BMY
proteins.

To evaluate the degree of protein or DNA homology,
several calculation methods can be used, such as BLAST
search, FASTA search and ClustalW method. The BLAST
(Basic Local Alignment Search Tool, www(dot)ncbi(dot)
nlm(dot)nih(dot)gov/BLAST/) search is the heuristic search
algorithm employed by the programs blastp, blastn, blastx,
megablast, tblastn, and tblastx; these programs ascribe sig-
nificance to their findings using the statistical methods of
Samuel K. and Altschul S. F. (“Methods for assessing the
statistical significance of molecular sequence features by
using general scoring schemes” Proc. Natl. Acad. Sci. USA,
1990, 87:2264-2268; “Applications and statistics for mul-
tiple high-scoring segments in molecular sequences”. Proc.
Natl. Acad. Sci. US4, 1993, 90:5873-5877). The computer
program BLAST calculates three parameters: score, identity
and similarity. The FASTA search method is described by
Pearson W. R. (“Rapid and sensitive sequence comparison
with FASTP and FASTA”, Methods Enzymol., 1990, 183:
63-98). The ClustalW method is described by Thompson J.
D. et al. (“CLUSTAL W: improving the sensitivity of
progressive multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight matrix
choice”, Nucleic Acids Res., 1994, 22:4673-4680).

The phrase “activity of an L-amino acids a-ligase (Lal)”
can mean the activity of an enzyme catalyzing reaction of
joining amino acids in a high-energy molecule-dependent
manner to form the peptide bond between amino acid
residues. Dipeptide, tripeptide or peptide of linear or
branched structure consisting of more than three amino acids
residues, or derivatives thereof may be the product of the
reaction catalyzed by Lal. The reaction scheme for the
Lal-catalyzed reaction may be described as shown in FIG. 1
without limiting to the kind of amino acids or derivatives
thereof and reaction conditions used in the following non-
limiting Examples. The activity of Lal can be measured, for
example, by the assay described in the Example 3 or Tabata
K. etal., J. Bacteriol., 2005, 187(15):5195-5202. The phrase
“activity of L-amino acids a-ligase (Lal)” can be equivalent,
in particular, to the phrase “dipeptide-synthesizing activity”.

Furthermore, when an amino acid sequence that contains
a substitution, deletion, insertion, and/or addition of one or
several amino acid residues in the amino acid sequence of
SEQ ID NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18., it can retain
activity of L-amino acids a-ligase by 10% or more, by 30%
or more, by 50% or more, by 70% or more, and by 90% or
more of a protein having the amino acid sequence of SEQ ID
NOs: 2, 4, 6, 8, 10, 12, 14, 16 and 18.

The phrase “an isofunctional protein” can mean the
protein having the activity of an L-amino acids a-ligase
(Lal) as described above. Exemplary, the isofunctional pro-
tein can synthesize dipeptide having an acidic [.-amino acid
residue such as L-Glu or L-Asp residue at the N-terminus
and any other L-amino acid or a derivative thereof at the
C-terminus.

2. Bacterium

The phrase “a dipeptide-producing bacterium” can mean
a bacterium of the family Enterobacteriaceae such as a
bacterium belonging to the genus Escherichia, which has an
ability to produce and cause accumulation of a dipeptide in
a culture medium when the bacterium is cultured in the
medium. The dipeptide-producing ability can mean the
ability of the bacterium to produce a dipeptide in a medium
or the bacterial cells and cause accumulation of the dipeptide
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to such an extent that the dipeptide can be collected from the
medium or the bacterial cells when the bacterium is cultured
in the medium.

The bacterium may inherently have the dipeptide-produc-
ing ability or may be modified to have a dipeptide-producing
ability by using mutation methods or DNA recombination
techniques.

The bacteria belonging to the family Enterobacteriaceae
can be from the genera Enterobacter, Erwinia, Escherichia,
Klebsiella, Morganella, Pantoea, Photorhabdus, Providen-
cia, Salmonella, Yersinia, and so forth, and can have the
ability to produce a dipeptide. Specifically, those classified
into the family Enterobacteriaceae according to the tax-
onomy used in the NCBI (National Center for Biotechnol-
ogy Information) database (www(dot) ncbi(dot)nlm(dot)nih
(dot)gov/Taxonomy/Browser/wwwtax(dot)cgi?id=543) can
be used. Examples of strains from the family Enterobacte-
riaceae which can be modified include a bacterium of the
genus Escherichia, Enterobacter or Pantoea.

Strains of Escherichia bacterium which can be modified
to obtain Escherichia bacteria in accordance with the pres-
ently disclosed subject matter are not particularly limited,
and specifically, those described in the work of Neidhardt et
al. can be used (Bachmann, B. J., Derivations and genotypes
of' some mutant derivatives of E. coli K-12, p. 2460-2488. In
F. C. Neidhardt et al. (ed.), £. coli and Salmonella: cellular
and molecular biology, 2"¢ ed. ASM Press, Washington,
D.C., 1996). The species E. coli is a particular example.
Specific examples of E. coli include E. coli W3110 (ATCC
27325), E. coli MG1655 (ATCC 47076), and so forth, which
are derived from the prototype wild-type strain, K-12 strain.
These strains are available from, for example, the American
Type Culture Collection (P.O. Box 1549, Manassas, Va.
20108, United States of America). That is, registration
numbers are given to each of the strains, and the strains can
be ordered by using these registration numbers (refer to
www(dot)atcc(dot)org). The registration numbers of the
strains are listed in the catalogue of the American Type
Culture Collection.

Examples of the Enterobacter bacteria include Entero-
bacter agglomerans, Enterobacter aerogenes, and so forth.
Examples of the Pantoea bacteria include Pantoea ananatis,
and so forth. Some strains of Enterobacter agglomerans
were recently reclassified into Pantoea agglomerans, Pan-
toea ananatis or Pantoea stewartii on the basis of nucleotide
sequence analysis of 16S rRNA, etc. A bacterium belonging
to any of the genus Enterobacter or Pantoea may be used so
long as it is a bacterium classified into the family Entero-
bacteriaceac. When a Pantoea ananatis strain is bred by
genetic engineering techniques, Pantoea ananatis AJ13355
strain (FERM BP-6614), AJ13356 strain (FERM BP-6615),
AJ13601 strain (FERM BP-7207) and derivatives thereof
can be used. These strains were identified as Enterobacter
agglomerans when they were isolated, and deposited as
Enterobacter agglomerans. However, they were recently
re-classified as Pantoea ananatis on the basis of nucleotide
sequencing of 16S rRNA and so forth as described above.

The dipeptide-producing bacterium as described herein
can be modified to have attenuated or inactivated one or
more genes of one or more kinds encoding protein(s) having
peptidase, or proteolytic activity so that the activity of
peptidase(s) is decreased. For example, one or more pro-
teases encoding genes such as pepA (KEGG, Kyoto Ency-
clopedia of Genes and Genomes, entry No. b4260), pepB
(KEGG, entry No. b2523), pepD (KEGG, entry No. b0237),
pepE (KEGG, entry No. b4021), pepP (KEGG, entry No.
b2908), pepQ (KEGG, entry No. b3847), pepN (KEGG,
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entry No. b0932), peplT (GenBank accession No.
AAC74211), iadA (KEGG, entry No. b4328), iaaA(ybiK)
(KEGG, entry No. b0828), dapE (KEGG, entry No. b2472),
and so forth can be attenuated and/or inactivated.

The dipeptide-producing bacterium as described herein
can be also modified to have attenuated or inactivated one or
more genes of one or more kinds encoding protein(s) having
dipeptide permease (dpp) activity so that the activity of
peptide permease(s) is decreased. For example, one or more
dipeptide permeases encoding genes such as dppA (KEGG,
entry No. b3544), dppB (KEGG, entry No. b3543), dppC
(KEGG, entry No. b3542), dppD (KEGG, entry No. b3541),
dppF (KEGG, entry No. b3540), and so forth can be
attenuated and/or inactivated. Deletion of the entire dpp
gene operon (dppA, dppB, dppC, dppD and dppF) may be
also preferred in the dipeptide-producing bacterium.

The dipeptide-producing bacterium as described herein
can be also modified to have attenuated or inactivated one or
more genes of one or more kinds encoding protein(s)
involved in biosynthesis of aromatic amino acids so that the
activity of the protein(s) is decreased. For example, one or
more proteins encoding genes such as tyrR (KEGG, entry
No. b1323), tryA (KEGG, entry No. b2600), and so forth can
be attenuated and/or inactivated.

The phrase “an attenuated gene encoding peptidase” or
“an attenuated gene encoding protein” is equivalent to the
phrase “a peptidase encoding gene with attenuated expres-
sion” or “a protein encoding gene with attenuated expres-
sion”, respectively. Hereinafter, the term “peptidase” may be
replaced with “protein” as recited above (e.g., protein(s)
having dipeptide permease (dpp) activity, or protein(s)
involved in biosynthesis of aromatic amino acids) for inter-
preting the phrase “an attenuated gene encoding protein” or
the like. Therefore, such replaced phases may be recited as
elements for specifying the present invention.

The phrase “a peptidase encoding gene with attenuated
expression” can mean that an amount of a peptidase in the
modified bacterium, in which expression of the peptidase
encoding gene is attenuated, is reduced as compared with a
non-modified bacterium, for example, a wild-type strain of
the bacterium belonging to the family Enterobacteriaceae, or
more specifically, genus Escherichia such as the E. coli K-12
strain.

The phrase “a peptidase encoding gene with attenuated
expression” can also mean that the modified bacterium
includes a modified gene, which encodes a mutant protein
having decreased activity as compared with the wild-type
protein, or a region operably linked to the gene, including
sequences controlling gene expression such as promoters,
enhancers, attenuators, ribosome-binding sites (RBS),
Shine-Dalgarno (SD) sequences, etc., is modified resulting
in a decrease in the expression level of the peptidase
encoding gene, and other examples (see, for example,
WO95/34672; Carrier T. A. and Keasling I. D., Biotechnol.
Prog., 1999, 15:58-64).

Expression of the peptidase encoding gene can be attenu-
ated by replacing an expression control sequence of the
gene, such as a promoter on the chromosomal DNA, with a
weaker one. The strength of a promoter is defined by the
frequency of initiation acts of RNA synthesis. Examples of
methods for evaluating the strength of promoters and strong
promoters are described in Goldstein et al., Prokaryotic
promoters in biotechnology, Biotechnol. Annu. Rev., 1995,
1:105-128), and so forth. Furthermore, it is also possible to
introduce nucleotide substitution for several nucleotides in a
promoter region of a target gene and thereby modify the
promoter to be weakened as disclosed in International Patent
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Publication WOO00/18935. Furthermore, it is known that
substitution of several nucleotides in the spacer between the
SD sequence and the start codon in the RBS, in particular,
a sequence immediately upstream from the start codon,
greatly affects the translation efficiency of mRNA. This
modification of the RBS may be combined with decreasing
transcription of a peptidase encoding gene.

Expression of the peptidase encoding gene can also be
attenuated by insertion of a transposon or an IS factor into
the coding region of the gene (U.S. Pat. No. 5,175,107) or
by conventional methods, such as mutagenesis with ultra-
violet irradiation (UV) irradiation or nitrosoguanidine
(N-methyl-N'-nitro-N-nitrosoguanidine). Furthermore, the
incorporation of a site-specific mutation by gene substitution
using homologous recombination such as set forth above can
also be conducted with a plasmid which is unable to repli-
cate in the host.

The phrase “enzymatic activity is decreased” can mean
that the enzymatic activity of a peptidase is lower than that
in a non-modified strain, for example, a wild-type strain of
the bacterium belonging to the family Enterobacteriaceae, or
more specifically, genus Escherichia. Exemplary, the enzy-
matic activity of the peptidase encoding gene can be abol-
ished by the gene inactivation.

The phrase “the activity of peptidase is decreased” can
also mean that the peptide degrading activity is decreased
compared with a wild-type peptidase encoded by the wild-
type gene such as pepA, pepB, pepD, pepE, pepP, pepQ,
pepN, pepT, iadA, iaaA(ybiK), dapE, and so forth.

In the modified bacterium, the activity of peptidase can be
decreased by at least 10% or more, by at least 30% or more,
by at least 50% or more, by at least 70% or more, by at least
90% or more as compared with a peptidase encoded by a
wild-type gene in a non-modified bacterium belonging to the
family Enterobacteriaceae, more specifically to the genus
Escherichia.

The phrase “peptidase activity” or “proteolytic activity”
can mean the activity of an enzyme catalyzing reaction of
intramolecular digestion of the peptide bond (R. Beynon
(ed.) and J. S. Bond (ed.), “Proteolytic Enzymes: A Practical
Approach”, 24 ed., Oxford University Press, USA (2001)).

The peptide degrading activity of a microorganism can be
measured by allowing a peptide as a substrate and micro-
organism cells to be present in a medium, thereby perform-
ing peptide degrading reaction, and then determining the
amount of the remaining peptide by a known method, for
example, HPLC analysis, or as described in Kristjansson M.
M., Activity measurements of proteinases using synthetic
substrates (UNIT C2.1) or Akpinar O. and Penner M. H.,
Peptidase activity assays using protein substrates (UNIT
C2.2) in Current Protocols in Food Analytical Chemistry
(UNIT C2, Proteolytic Enzymes), John Wiley & Sons, Inc.
(2002).

The enzymatic activity of a peptidase can be decreased by
introducing a mutation into the chromosome so that intra-
cellular activity of the peptidase is decreased as compared
with a non-modified strain. Such a mutation on the gene(s)
or upstream the genes in the operon structure can be the
replacement of one base or more to cause an amino acid
substitution in the protein encoded by the gene(s) (missense
mutation), introduction of a stop codon (nonsense mutation),
deletion of one or two bases to cause a frame shift, insertion
of a drug-resistance gene and/or transcription termination
signal, deletion of a part of the gene(s) or deletion of the
entire gene(s) (Qiu Z. and Goodman M. F., J. Biol. Chem.,
1997, 272:8611-8617; Kwon D. H. et al., J. Antimicrob.
Chemother., 2000, 46:793-796).
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The phrase “an inactivated gene encoding peptidase” can
mean that the modified gene encodes a completely inactive
or non-functional peptidase. It is also possible that the
modified DNA region is unable to naturally express the gene
due to deletion of a part of or the entire gene, shifting of the
reading frame of the gene, introduction of missense/non-
sense mutation(s), or modification of an adjacent region of
the gene, including sequences controlling gene expression,
such as promoter(s), enhancer(s), attenuator(s), ribosome-
binding site(s), etc. Inactivation of the gene can also be
performed by conventional methods such as a mutagenesis
treatment using UV irradiation or nitrosoguanidine
(N-methyl-N'-nitro-N-nitrosoguanidine), site-directed muta-
genesis, gene disruption using homologous recombination,
or/and insertion-deletion mutagenesis (Yu D. et al., Proc.
Natl. Acad. Sci. USA, 2000, 97(12):5978-83; Datsenko K. A.
and Wanner B. L., Proc. Natl. Acad. Sci. US4, 2000,
97(12):6640-45), also called “Red-driven integration” or
“ARed-mediated integration”.

The phrase “a bacterium modified to contain the recom-
binant DNA” can mean the bacterium modified to contain an
exogenous DNA by, for example, conventional methods
such as, for example, transformation, transfection, infection,
conjugation, and mobilization. Transformation, transfection,
infection, conjugation or mobilization of a bacterium with
the DNA encoding a protein can impart the bacterium an
ability to synthesize the protein encoded by the DNA.
Methods of transformation, transfection, infection, conjuga-
tion and mobilization include any known methods that have
been reported. For example, a method of treating recipient
cells with calcium chloride so as to increase permeability of
the cells of Escherichia coli K-12 to DNA has been reported
for efficient DNA transformation and transfection (Mandel
M. and Higa A., Calcium-dependent bacteriophage DNA
infection, J. Mol. Biol., 1970, 53:159-162). Methods of
specialized and/or generalized transduction are described
(Morse M. L. et al., Transduction in Escherichia coli K-12,
Genetics, 1956, 41(1):142-156; Miller 1. H., Experiments in
Molecular Genetics. Cold Spring Harbor, N.Y.: Cold Spring
Harbor La. Press, 1972). Other methods for random and/or
targeted integration of DNA into the host genome can be
applied, for example, “Mu-driven integration/amplification”
(Akhverdyan et al., Appl. Microbiol. Biotechnol., 2011,
91:857-871), “Red/ET-driven integration” or “ARed/ET-
mediated integration” (Datsenko K. A. and Wanner B. L.,
Proc. Natl. Acad. Sci. USA 2000, 97(12):6640-45; Zhang Y.,
et al., Nature Genet., 1998, 20:123-128). Moreover, for
multiple insertions of desired genes in addition to Mu-driven
replicative transposition (Akhverdyan et al., Appl. Micro-
biol. Biotechnol., 2011, 91:857-871) and chemically induc-
ible chromosomal evolution based on recA-dependent
homologous recombination resulted in an amplification of
desired genes (Tyo K. E. I. et al., Nature Biotechnol., 2009,
27:760-765), another methods can be used, which utilize
different combinations of transposition, site-specific and/or
homologous Red/ET-mediated recombinations, and/or
Pl-mediated generalized transduction (see, for example,
Minaeva et al., BMC Biotechnology, 2008, 8:63; Koma D. et
al., Appl. Microbiol. Biotechnol., 2012, 93(2):815-829).

The bacterium of the present invention can be modified
further in such a way that expression level of a gene
encoding [.-amino acid a-ligase (Lal) or one or more genes
encoding one or more proteins involved in biosynthesis of
phenylalanine are enhanced. Examples of such a protein
include pheA, aroG4 and arolL encoding chorismate mutase-
prephenate dehydratase (CM-PD), 3-deoxy-D-arabinohep-
tulosonate-7-phosphate synthetase (DAHP synthetase) and
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shikimate kinase (SK), respectively (see, e.g., Japanese
Patent No. 3225597). Hereinafter, the term “Lal” may be
replaced with the protein involved in biosynthesis of phe-
nylalanine, for interpreting the phrase “a gene encoding
proteins involved in biosynthesis of phenylalanine” or the
like. Therefore, such replaced phases may be recited as
elements for specifying the present invention.

The phrase “enhanced expression of a gene encoding Lal”
can mean that the number of the molecules encoded by the
Lal-encoding gene per cell is increased, or the activity per
molecule (may be referred to as a specific activity) of the
protein encoded by these gene improved, as compared with
a non-modified strain such as a wild-type or a parent strain.
Examples of a non-modified strain serving as a reference for
the above comparison include a wild-type strain of a micro-
organism belonging to the family Enterobacteriaceae such as
the E. coli MG1655 strain (ATCC 47076), W3110 strain
(ATCC 27325), Pantoea ananatis AJ13335 strain (FERN
BP-6614), and so forth.

The phrase “enhanced expression of a gene encoding Lal”
can also mean that the expression level of the Lal-encoding
gene is higher than that level in a non-modified strain, for
example, a wild-type or parent strain.

Methods which can be used to enhance expression of the
Lal-encoding gene include, but are not limited to, increasing
the Lal-encoding gene copy number in bacterial genome (in
the chromosome and/or in the autonomously replicated
plasmid) and/or introducing the Lal-encoding gene into a
vector that is able to increase the copy number and/or the
expression level of the Lal-encoding gene in a bacterium of
the genus FEscherichia according to genetic engineering
methods known to the one skilled in the art.

Examples of the vectors include, but are not limited to
broad-host-range vectors such as pCM110, pRK310,
pVK101, pBBR122, pBHRI1, and the like. Multiple copies
of the Lal-encoding gene can also be introduced into the
chromosomal DNA of a bacterium by, for example, homolo-
gous recombination, Mu-driven integration, or the like.
Homologous recombination can be carried out using a
sequence multiple copies in the chromosomal DNA.
Sequences with multiple copies in the chromosomal DNA
include, but are not limited to repetitive DNA or inverted
repeats present at the end of a transposable element. In
addition, it is possible to incorporate the [Lal-encoding gene
into a transposon and allow it to be transferred to introduce
multiple copies of the Lal-encoding gene into the chromo-
somal DNA. By using Mu-driven integration, more than 3
copies of the gene can be introduced into the chromosomal
DNA during a single act (Akhverdyan V. Z. et al., Biotech-
nol. (Russian), 2007, 3:3-20).

Enhancing of the Lal-encoding gene expression can also
be achieved by increasing the expression level of the Lal-
encoding gene by modification of adjacent regulatory
regions of the Lal-encoding gene or introducing native
and/or modified foreign regulatory regions. Regulatory
regions or sequences can be exemplified by promoters,
enhancers, attenuators and transcription termination signals,
anti-termination signals, ribosome-binding sites (RBS) and
other expression control elements (e.g., regions to which
repressors or inducers bind and/or binding sites for tran-
scriptional and translational regulatory proteins, for
example, in the transcribed mRNA). Such regulatory
sequences are described, for example, in Sambrook J.,
Fritsch E. F. and Maniatis T., “Molecular Cloning: A Labo-
ratory Manual”, 2" ed., Cold Spring Harbor Laboratory
Press (1989). Modifications of regions controlling gene(s)
expression can be combined with increasing the copy num-
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ber of the modified gene(s) in bacterial genome using the
known methods (see, for example, Akhverdyan V. Z. et al.,
Appl. Microbial. Biotechnol., 2011, 91:857-871; Tyo K. E. J.
et al., Nature Biotechnol., 2009, 27:760-765).

The exemplary promoters enhancing the Lal-encoding
gene expression can be the potent promoters. For example,
the lac promoter, the trp promoter, the trc promoter, the tac
promoter, the P or the P, promoters of lambda phage are all
known to be potent promoters. Potent promoters providing
a high level of gene expression in a bacterium belonging to
the family Enterobacteriaceae can be used. Alternatively, the
effect of a promoter can be enhanced by, for example,
introducing a mutation into the promoter region of the
Lal-encoding gene to obtain a stronger promoter function,
thus resulting in the increased transcription level of the
Lal-encoding gene located downstream of the promoter.
Furthermore, it is known that substitution of several nucleo-
tides in the ribosome binding site (RBS), especially the
sequences immediately upstream of the start codon, pro-
foundly affect the mRNA translatability. For example, a
20-fold range in the expression levels was found, depending
on the nature of the three nucleotides preceding the start
codon (Gold L. et al., Annu. Rev. Microbiol, 1981: 35,
365-403; Hui A. et al., EMBO J., 1984: 3, 623-629).

Enhancing of the Lal-encoding gene heterologous expres-
sion in host microorganisms can also be achieved by sub-
stituting rare and/or low-usage codons for synonymous
middle- or high-usage codons, where codon usage can be
defined as the number of times (frequency) a codon is
translated per unit time in the cell of an organism or an
average codon frequency of the sequenced protein-coding
reading frames of an organism (Zhang S. P. et al., Gene,
1991, 105(1):61-72). The codon usage per organism can be
found in the Codon Usage Database, which is an extended
web-version of the CUTG (Codon Usage Tabulated from
GenBank) (http(colon)//www(dot)kazusa(dot)or(dot)jp/co-
don/; Nakamura Y. et al., Codon usage tabulated from the
international DNA sequence databases: status for the year
2000, Nucl. Acids Res., 2000, 28(1):292). In E. coli such
mutations can include, without limiting, the substitution of
rare Arg codons AGA, AGG, CGG, CGA for CGT or CGC;
rare Ile codon ATA for ATC or ATT; rare Leu codon CTA for
CTG, CTC, CTT, TTA or TTG; rare Pro codon CCC for
CCG or CCA,; rare Ser codon TCG for TCT, TCA, TCC,
AGC or AGT; rare Gly codons GGA, GGG for GGT or
GGC; and so forth. The substitution of low-usage codons for
synonymous high-usage codons can be preferable. The
substituting rare and/or low-usage codons for synonymous
middle- or high-usage codons may be combined with co-
expression of the genes which encode rare tRNAs recog-
nizing rare codons.

The copy number, presence or absence of the gene and/or
operon genes can be measured, for example, by restricting
the chromosomal DNA followed by Southern blotting using
a probe based on the gene sequence, fluorescence in situ
hybridization (FISH), and the like. The level of the gene
and/or operon gene’s expression can be measured by various
known methods including Northern blotting, quantitative
RT-PCR, and the like. In addition, the level of gene expres-
sion can be determined by measuring the amount of mRNA
transcribed from the gene using various well-known meth-
ods, including Northern blotting, quantitative RT-PCR, and
the like. The amount of the protein coded by the gene can be
measured by known methods including SDS-PAGE {fol-
lowed by immunoblotting assay (Western blotting analysis),
or mass spectrometry analysis of the protein samples, and
the like.
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Methods for preparation of plasmid DNA, digestion,
ligation and transformation of DNA, selection of an oligo-
nucleotide as a primer, and the like may be ordinary methods
well-known to the one skilled in the art. These methods are
described, for instance, in Sambrook J., Fritsch E. F. and
Maniatis T., “Molecular Cloning: A Laboratory Manual”,
2"? ed., Cold Spring Harbor Laboratory Press (1989) or
Green M. R. and Sambrook J. R., “Molecular Cloning: A
Laboratory Manual”, 4” ed., Cold Spring Harbor Laboratory
Press (2012). Methods for molecular cloning and heterolo-
gous gene expression are described in Bernard R. Glick,
Jack J. Pasternak and Cheryl L. Patten, “Molecular Biotech-
nology: principles and applications of recombinant DNA”,
4™ ed., Washington, D.C: ASM Press (2009); Evans Jr., T. C.
and Xu M.-Q., “Heterologous gene expression in E. coli”,
1** ed., Humana Press (2011).

The phrase “operably linked to a gene” can mean that the
regulatory sequence(s) is linked to the nucleotide sequence
of the nucleic acid molecule or gene of interest in a manner
which allows for expression (e.g., enhanced, increased,
constitutive, basal, attenuated, decreased or repressed
expression) of the nucleotide sequence, preferably expres-
sion of a gene product encoded by the nucleotide sequence.

The bacterium as described herein can be obtained by
imparting the required properties to a bacterium inherently
having the ability to produce a dipeptide. Alternatively, the
bacterium can be obtained by imparting the ability to
produce a dipeptide to a bacterium which already has the
required properties.

The bacterium can have, in addition to the properties
already mentioned, other specific properties such as various
nutrient requirements, drug resistance, drug sensitivity, and
drug dependence, without departing from the scope of the
present invention.

3. Methods for Producing Dipeptides

The methods of the present invention can be the methods
for producing a dipeptide, more specifically a dipeptide
having an acidic L-amino acid at the N-terminus, using an
L-amino acid a-ligase (Lal) or a bacterium belonging to the
family Enterobacteriaceae modified to contain said Lal,
therefore, referred to as a enzymatic method and a fermen-
tative method, respectively.

The phrase “an amino acid” can mean an ordinal amino
acid known to the one skilled in the art, a derivative of amino
acid, or salts thereof. The exemplary amino acids can be
o-amino acids and f-amino acids having C* or CP chiral
carbon atom respectively, to which the amino group, car-
boxy group, and side-chain group are attached. The f-amino
acids can be exemplified by fAla. The a-amino acids can be
exemplified by proteinogenic and non-proteinogenic amino
acids. Proteinogenic amino acids can be exemplified by
L-amino acids such as [-alanine, L-arginine, [.-asparagine,
L-aspartic acid, L-cysteine, glycine, L-glutamic acid, L-glu-
tamine, L-histidine, L-isoleucine, L-leucine, L-lysine,
L-methionine, [L-phenylalanine, L-proline, L-serine,
L-threonine, L-tryptophan, L-tyrosine, and L-valine, or salts
thereof, having C* chiral carbon atom. The amino acids can
be used in unprotected or protected form. The protected
form of amino acid can mean, contrary to the unprotected
form, an amino acid having one or more substituents
attached to amino group, carboxy group, and/or side-chain
group. The amino acid having substituents(s) attached can
be referred to as an amino acid derivative. The amino acid
derivative can be exemplified by a lower alkyl ester of amino
acid such as a lower alkyl ester of L-phenylalanine. As lower
alkyl ester, methyl ester, ethyl ester, and propyl ester, or the
like can be mentioned.
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The phrase “an amino acid” can be equivalent to the
phrase “a substrate of the Lal-catalyzed reaction” or “a
substrate” for the reasons of simplicity.

The phrase “an acidic L-amino acid” can mean the
aspartic acid (Asp) and glutamic acid (Glu) of L-form, or
salts thereof.

The phrase “a dipeptide” can mean an organic molecule
or a salt thereof consisting of two amino acid residues or
derivatives of two amino acid residues, or a combination
thereof, joined via peptide bond. The dipeptide can be
consisted of amino acids or derivatives thereof, which are
specified above. For example, the phrase “a dipeptide” can
mean a dipeptide formed by two proteinogenic [.-amino acid
residues in such a way that an acidic [.-amino acid residue
such as L-Asp or L-Glu is located at the N-terminus of the
dipeptide and another .-amino acid residue of the same kind
or different kind is located at the C-terminus of the dipep-
tide. It is also accepted that a derivative of an amino acid, for
example, a lower alkyl ester of an [.-amino acid such as the
methyl ester of L-Phe can be located at the C-terminus of the
dipeptide.

The dipeptide as described herein is not limited to the
dipeptide having an acidic amino acid residue at the N-ter-
minus. The dipeptide can be represented by the formula
R1-R2, where R1 and R2 can mean amino acid residues or
derivatives thereof located at the N- and C-terminus of the
dipeptide respectively and joined via peptide bond. R1 and
R2 can be exemplified by L-amino acids such as [-Ala,
L-Arg, L-Asp, L-Asn, L-Cys, Gly, L-Glu, L-Gln, L-His,
L-Ile, L-Leu, L-Lys, L-Met, L-Phe, L-Pro, L-Ser, L-Thr,
L-Trp, L-Tyr, and L-Val, or derivatives thereof such as
L-PheOMe, or salts thereof. R1 and R2 may be of the same
kind or different kinds.

The phrase “peptide bond” can mean a covalent chemical
bond —C(O)NH— formed between two molecules when
the carboxy part of one molecule, referred to as a carboxy
component, reacts with the amino part of another molecule,
referred to as an amino component, causing the release of a
molecule. For example, amino acids can form the peptide
bond upon joining with the release of a molecule of water.

Any carboxy component may be used as far as it can form
a peptide by condensation with the other substrate in the
form of the amine component. Examples of carboxy com-
ponent include L-amino acid esters, D-amino acid esters,
L-amino acid amides, and D-amino acid amides as well as
organic acid esters not having unprotected an amino group.
In addition, examples of amino acid esters include not only
amino acid esters corresponding to naturally-occurring
amino acids, but also amino acid esters corresponding to
non-naturally-occurring amino acids or their derivatives. In
addition, examples of amino acid esters include c-amino
acid esters as well as -, y-and w-amino acid esters and the
like having different amino group bonding sites. Typical
examples of amino acid esters include methyl esters, ethyl
esters, n-propyl esters, iso-propyl esters, n-butyl esters,
iso-butyl esters, and tert-butyl esters of amino acids. Also,
the carboxy part of carboxy component can be exemplified
by the carboxyl group COOH or a derivative thereof COR,
where R can mean a substituted phenyl group or a halogenyl
group such as chloro group.

Any amine component may be used as far as it can form
a peptide by condensation with the other substrate in the
form of the carboxy component. Examples of the amine
component include L-amino acids, C-protected L-amino
acids, D-amino acids, C-protected D-amino acids, and
amines. In addition, examples of the amines include not only
naturally-occurring amines, but also non-naturally-occur-
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ring amines or their derivatives. In addition, examples of the
amino acids include not only naturally-occurring amino
acids, but also non-naturally-occurring amino acids or their
derivatives. These include a-amino acids as well as -, y- or
w-amino acids and the like having different carboxy group
bonding sites.

3.1. Enzymatic Method

The enzymatic method can include at least the step of
allowing the [-amino acids a-ligase or Lal-containing sub-
stance to contact with one or more amino acid(s) of the same
kind or different kinds, or derivatives thereof, or salts
thereof, under appropriate conditions to obtain the reaction
product in accordance with the activity of Lal as described
above.

The method of allowing the Lal or Lal-containing sub-
stance used in the present invention to act on a carboxy
component and an amino component may be mixing the Lal
or Lal-containing substance, the molecule with carboxy part,
and the molecule with amino part with each other. More
specifically, a method of adding the Lal or Lal-containing
substance to a solution containing carboxy and amino com-
ponents to form a dipeptide and allowing them to react may
be used. Alternatively, in the case of using a bacterium that
produces the Lal, a method may be used that includes
culturing the bacterium that forms the Lal, producing, and
accumulating the Lal in the bacterium or cultivation
medium, and then adding the molecule with carboxy com-
ponent and the molecule with amine component to the
medium. The produced dipeptide can then be collected by
established methods and purified as necessary.

The phrase “Lal-containing substance” can mean any
substance so far as it contains the Lal, and examples of
specific forms thereof include a culture of bacteria that
produce the Lal, bacterial cells isolated from the culture, and
a product obtained by treating the bacterial cells (also
referred to as “treated bacterial cell product™). A culture of
bacteria can mean what is obtained by culturing a bacterium,
and more specifically, a mixture of bacterial cells, the
medium used for culturing the bacterium, and substances
produced by the cultured bacterium, and so forth. In addi-
tion, the bacterial cells may be washed and used in the form
of washed bacterial cells. In addition, the treated bacterial
cell product includes the products of disrupted, lysed or
freeze-dried bacterial cells, and the like, and also includes a
crude enzyme recovered by treating bacterial cells, and so
forth, as well as a purified enzyme obtained by purification
of the crude enzyme, and so forth. A partially purified
enzyme obtained by various types of purification methods
may be used for the purified enzyme, or immobilized
enzymes may be used that have been immobilized by a
covalent bonding method, an adsorption method, an entrap-
ment method, or the like. In addition, since some bacteria are
partially lysed during culturing depending on the microbes
used, the culture supernatant may also be used as the
enzyme-containing substance in such cases.

In addition, wild-type strains may be used as bacteria that
contain the Lal, or gene recombinant strains that express the
Lal may also be used as described above. The bacteria are
not limited to intact bacterial cells, but rather acetone-treated
bacterial cells, freeze-dried bacterial cells or other treated
bacterial cells may also be used. Immobilized bacterial cells
and an immobilized treated bacterial cell product obtained
by immobilizing the bacterial cells or treated bacterial cell
product by covalent bonding, adsorption, entrapment or
other methods, as well as treated immobilized bacterial cells,
may also be used.
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Furthermore, when using cultures, cultured bacterial cells,
washed bacterial cells or a treated bacterial cell product that
has been obtained by disrupting or lysing bacterial cells, it
is often the case that an enzyme exists therein that decom-
poses the formed peptides without being involved in peptide
formation. In this situation, it may be rather preferable in
some cases to add a metal protease inhibitor like ethylene
diamine tetraacetic acid (EDTA). The addition amount can
be within the range of 0.1 mM to 300 mM, and preferably
within the range of 1 mM to 100 mM.

An exemplary mode of the enzymatic method of the
present invention is a method in which the transformed cells
described herein are cultured in a medium, and a peptide-
forming enzyme (Lal) is allowed to accumulate in the
medium and/or transformed cells. Since the peptide-forming
enzyme can be easily produced in large volumes by using a
transformant, dipeptides can be produced in large amounts
and rapidly.

The amount of Lal or Lal-containing substance used may

be enough if it is an amount at which the target effect is
demonstrated (effective amount), and this effective amount
experimentation by a person with ordinary skill in the art. In
the case of using the Lal, for example, the amount used can
while in the case of using washed bacterial cells, the amount
used can be higher that depends on the amount of Lal in a

The phase “appropriate conditions” can mean the condi-
tions under which the Lal-catalyzed reaction can proceed;
formed from a carboxy component and an amino compo-
nent. The phrase “appropriate conditions™ can include with-
out limiting the phrases “an enzyme”,

S ”, “a high-energy mol-
ecule”, “appropriate temperature conditions”, and so forth.
organic or inorganic molecule required for the Lal-catalyzed
reaction to proceed under appropriate conditions. Conven-
molecule. More specifically, the high-energy molecule can
be exemplified by the adenosine 5'-triphosphate (ATP) or a
in any combinations thereof can be used.

The phrase “an appropriate solvent” can mean any sol-
is a reaction product, for example, a dipeptide can be
formed. Organic and aqueous solvents, or mixtures thereof
appropriate solvent may contain the Lal enzyme of the
present invention; cofactors such as ATP, and the like; metal
nesium ions, and the like; anions such as sulfate, chloride,
phosphate ions, and the like; other inorganic and/or organic
gase. Tris(hydroxymethyl)aminomethane (Tris), N-tris(hy-
droxymethyl)methylglycine (Tricine) or N,N-bis(2-hy-
Carmody W. R. J. Chem. Educ., 1961, 38(11):559-560 can
be added into a reaction mixture as a buffering agent. The
between 6.5 and 10.5, or between 7.0 and 10.0, or between
7.5 and 9.5, or between 8 and 9. The appropriate solvent may

The phrase “appropriate temperature conditions” can
mean temperature conditions in which the Lal-catalyzed

can be easily determined through simple, preliminary

be about 0.1 g/L. to 10 g/L (see, for example, Example 3),

bacterial cell.

i.e. a reaction product, for example, a dipeptide can be
. “an amino acid”, “a

substrate”, “an appropriate solvent”,

The phrase “a high-energy molecule” can mean any
tionally, cofactors may be exemplified as the high-energy
salt thereof. Sodium, potassium, ammonium salts, or the like
vent, in which the Lal-catalyzed reaction can proceed, that
in various proportions may be an appropriate solvent. An
ions such as sodium, potassium, ammonium, calcium, mag-
molecules required for the activity of L-amino acids a-li-
droxyethyl)glycine (Bicine), or the like as described in
acidity (pH) of a reaction mixture may be maintained
be subjected to appropriate temperature conditions.
reaction can proceed, that is a reaction product, for example,
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a dipeptide can be formed. The appropriate temperature
conditions may be between 0 and 60° C., or 20 and 40° C.,
or between 25 and 37° C., or between 28 and 35° C.

The concentrations of the carboxy component and amine
component serving as starting materials can be 1 mM to 10
M, and preferably 50 mM to 2 M, respectively; however,
there are cases where it is preferable to add amine compo-
nent in an amount equimolar or excess molar with respect to
the carboxy component. In addition, in cases where high
concentrations of substrates inhibit the reaction, these can be
added stepwise during the reaction after they are adjusted to
concentrations that do not cause inhibition.

After the dipeptide is produced and accumulated in an
appropriate solvent in a required amount, solids such as
cells, cell debris and denaturated proteins can be removed
from a medium by centrifugation or membrane filtration,
and then the target dipeptide can be recovered from the
appropriate solvent by any combination of conventional
techniques such as concentration, ion-exchange chromatog-
raphy, high-performance liquid chromatography (HPLC),
crystallization, and so forth.

Collecting and Purification of Enzyme

The L-amino acids a-ligase can be purified from the
bacterium belonging to the genus Escherichia, for example,
the species E. coli. A method for accumulating, collecting,
and purifying the Lal from the bacterium can be an ordinary
method known to the one skilled in the art.

The bacterium is grown in a culture medium as described
hereinafter to produce Lal. A bacterial cell extract can be
prepared from the cells by disrupting the cells using a
physical method such as ultrasonic disruption or an enzy-
matic method using a cell wall-dissolving enzyme and
removing the insoluble fraction by centrifugation and so
forth. The peptide-forming enzyme can then be purified by
fractionating the bacterial cell extract solution obtained in
the above manner by combining ordinary protein purifica-
tion methods such as anion exchange chromatography, cat-
ion exchange chromatography or gel filtration chromatog-
raphy.

The examples of the carriers for use in anion exchange
chromatography can be Q-Sepharose HP or DEAE (dieth-
ylaminoethyl) agarose (GE Healthcare), and so forth. The
enzyme can be recovered in the non-adsorbed fraction under
conditions of neutral pH such as between 7 and 8 when the
cell extract containing the enzyme is allowed to pass through
a column packed with the carrier. Various eluents can be
used depending on the carrier. For example, when the cation
exchange chromatography is performed using the MonoS
HR (GE Healthcare), the cell extract containing the enzyme
is allowed to pass through a column packed with the carrier.
To elute the enzyme, the column can be washed with a buffer
solution having a high salt concentration. At that time, the
salt concentration may be sequentially increased or a con-
centration gradient may be applied. As a saline solution,
NaCl of about 0 to about 0.5 M can be applied. If required,
the enzyme can be purified by gel filtration chromatography.
The examples of the carrier for use in gel filtration chroma-
tography can be Superdex 200 HR or Sephadex 200 (GE
Healthcare).

In the aforementioned purification procedure, the fraction
containing the enzyme can be verified by assaying the Lal
activity of each fraction according to the method indicated
in the examples to be described later.

3.2. Fermentative Method

The method of the present invention can also be a method
for producing a dipeptide, more specifically a dipeptide
having an acidic L-amino acid at the N-terminus, by culti-



US 9,428,783 B2

25

vating the bacterium of the present invention in a culture
medium to allow the dipeptide to be produced, excreted, and
accumulated in the culture medium, and collecting the
dipeptide from the culture medium.

The cultivation of a bacterium of the invention, collection,
and the purification of a dipeptide from the medium and the
like may be performed in a manner similar to conventional
fermentation methods, wherein a dipeptide or an amino acid
is produced using a microorganism. The culture medium for
a dipeptide production may be a typical medium that con-
tains a carbon source, a nitrogen source, inorganic ions, and
other organic components as required. As the carbon source,
saccharides such as glucose, lactose, galactose, fructose,
arabinose, maltose, xylose, trehalose, ribose, and hydrolyz-
ates of starches; alcohols such as glycerol, mannitol, and
sorbitol; organic acids such as gluconic acid, fumaric acid,
citric acid, malic acid, and succinic acid; and the like can be
used. As the nitrogen source, inorganic ammonium salts
such as ammonium sulfate, ammonium chloride, and ammo-
nium phosphate; organic nitrogen such as of soy bean
hydrolyzates; ammonia gas; aqueous ammonia; and the like
can be used. Vitamins such as vitamin B1, required sub-
stances, for example, organic nutrients such as nucleic acids
such as adenine and RNA, or yeast extract, and the like may
be present in appropriate, even if trace, amounts. Other than
these, small amounts of calcium phosphate, magnesium
sulfate, iron ions, manganese ions, and the like may be
added, if necessary.

To increase the dipeptide-producing ability of a bacterium
of the present invention, the culture medium can be addi-
tionally supplemented with amino acids or amino acid
derivatives, cofactors, and other (bio)chemicals. For
example, to increase the ability of a bacterium to produce the
Asp-Phe dipeptide, the culture medium may be supple-
mented with additional quantities of [.-Phe and L-Asp.

Cultivation can be performed under aerobic conditions for
16 to 72 hours, the culture temperature during cultivation
can be controlled within 15 to 45° C., or within 28 to 37° C.
The acidity (pH) can be adjusted between 5 and 8, or
between 6.5 and 7.2 by using an inorganic or organic acidic
or alkaline substance, as well as ammonia gas.

After cultivation, solids such as cells and cell debris can
be removed from the liquid medium by centrifugation or
membrane filtration, and then the target dipeptide can be
recovered from the fermentation liquor by any combination
of conventional techniques such as concentration, ion-ex-
change chromatography, high-performance liquid chroma-
tography (HPLC), crystallization, and so forth.

EXAMPLES

The present invention is more precisely explained below
with reference to the following non-limiting Examples.

Example 1

Cloning of BBR47_51900 from Brevibacillus
brevis NBRC 100599 and Staur_4851 from
Stigmatella aurantiaca DW4/3-1

The primary structure of the genes encoding the hypo-
thetical proteins BBR47_51900 and Staur_4851 was opti-
mized for expression in FE. coli The genes encoding
BBR47_51900 from Brevibacillus brevis NBRC 100599
and Staur_4851 from Stigmatella aurantiaca DW4/3-1 were
synthesized by the SlonoGene™ gene synthesis service
(http://www.sloning.com/) and delivered as a set of pSlo.X
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plasmids harboring the synthesized Xbal-EcoRI fragment
which included the target genes having optimized
sequences. The Xbal-EcoRI fragments harboring genes with
optimized sequences encoding the BBR47_51900 and
Staur_4851 proteins are shown in SEQ ID NOs: 19 and 20,
respectively.

To construct the pET-HT-BBR and pET-HT-STA plas-
mids, the corresponding Xbal-EcoRI fragments of the
pSlo.X plasmids were excised by digestion with Xbal and
EcoRI and then ligated with the pET15(b+) vector (Nova-
gen, USA) digested by the same restrictases.

Example 2

Expression and Purification of His6-Tagged
BBR47_51900 and Staur_4851

Plasmids pET-HT-BBR and pET-HT-STA were intro-
duced into BL21 (DE3) strain (Novagen, USA) by Ca**-
dependent transformation to construct the BL21 (DE3)
[PET-HT-BBR] and BL21 (DE3) [pET-HT-STA] strains.
The electrotransformation was done using “Bio-Rad” elec-
troporator (USA) (No. 165-2098, version 2-89) according to
the manufacturer’s instructions. Cells of the BL.21 (DE3)
[PET-HT-BBR] and BL21 (DE3) [pET-HT-STA] strains
were each grown in LB broth (also referred to as lysogenic
broth as described in Sambrook, J. and Russell, D. W. (2001)
Molecular Cloning: A Laboratory Manual (3 ed.). Cold
Spring Harbor Laboratory Press) at 37° C. up to ODs,, ~1
and 150 rpm. Isopropyl-p-D-thio-galactoside (IPTG) was
added to a final concentration of 1 mM, and the cell culture
was incubated for 2 hours at 37° C. and 150 rpm. Induced
cells were harvested from 1 L of cultivation broth, re-
suspended in 60-80 mL of HT-I-buffer (20 mM NaH,PO,,
0.5 M NaCl, 20 mM imidazole, pH 7.4, adjusted with
NaOH), and disrupted under 2000 Psi (~140 bar) using
French-press (Thermo Spectronic). The debris was removed
by centrifugation for two times at 4° C. and 13000 rpm
followed by filtration through 0.45 um filter (CHROMAFIL
Xtra CA-45/25, MACHEREY-NAGEL GmbH). A solution
of crude proteins was loaded onto HiTrap Chelating column
(GE Healthcare) pre-packed with immobilized metal affinity
chromatography (IMAC) sorbent of 1 ml total volume and
equilibrated with the HT-I-buffer. The IMAC was performed
in accordance with the manufacturer’s recommendations.
The active fractions were collected, combined, and desalted
using PD10 columns (GE Healthcare) equilibrated with
SB-buffer (20 mM Tris-HCL, 120 mM NaCl, 1 mM f-mer-
captoethanol, 15% glycerol, pH 7.5). The protein prepara-
tions were divided into aliquots of volume (200 pl.) and
stored at —=70° C. The protein concentration was determined
using BIO-RAD PROTEIN ASSAY (BIO-RAD, USA).

Example 3

Preliminary Analysis of Substrate Specificity of
BBR47_51900 and Staur_4851

The substrate specificity of BBR47_51900 and
Staur_4851 was studied in the reaction mixture containing
the enzyme and canonical L-amino acids such as L-alanine,
L-arginine, L-asparagine, L-aspartic acid, L-cysteine, gly-
cine, L-glutamic acid, L-glutamine, L-histidine, L-isoleu-
cine, L-leucine, [-lysine, [-methionine, L-phenylalanine,
L-proline, L-serine, L-threonine, L-tryptophan, L-tyrosine,
and L-valine, or salts thereof, of the same or two different
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kinds. The composition of the reaction mixture of total
volume of 50 pl. was as follows unless otherwise noted:

BBR47_51900 or Staur_ 4851 4 ng

Tris-HCI, pH 8.0 50 mM
First L-amino acid 10 mM
Second L-amino acid 10 mM
Adenosine 5'-triphosphate (ATP) 10 mM
MgSO,x7H,0 10 mM
H,0 to 50 puL

Reactions were carried out at 32° C. for 15 hours. 1-2 pl.
of reaction mixture was subjected to thin layer chromatog-
raphy (TLC) analysis using as mobile phase the mixture of
2-propanol:acetone:250 mM ammonia:H,O as 100:100:12:
28. A solution (0.3%, w/v) of ninhydrin in acetone was used
as a visualizing reagent. Detection was performed at 540
nm. The new spots on TLC-plates were detected after
developing the reaction mixtures, which contained:

1) BBR47_51900 and L-Glw/L-Glu, or L-Glw/L-Asp, or
L-Glw/L-Val, or L-Glw/L-Ile, or L-Asp/L-Ile, or L-Asp/L-
Val (FIGS. 2-4);

2) Staur_4851 and L-Asp/L-Phe, or L-Asp/L-Trp, or
L-Asp/L-Thr) (FIGS. 5 and 6).

The obtained results indicate that BBR47_51900 and
Staur_4851 can catalyze ligation of an acidic L.-amino acid
such as L-Glu and L-Asp with other L-amino acids.

Example 4
Determination by HPL.C Analysis of Dipeptides
Synthesized by BBR47_51900 and Staur_4851
Dipeptides  synthesized by BBR47_51900 and

Staur_4851 were determined using HPL.C analysis of reac-
tion mixtures of total volume of 400 pl., which contained:

BBRA47_51900 or Staur_4851 160 pg

Tris-HCI, pH 9.0 50 mM

L-Asp or L-Glu 10 mM

L-Phe or L-PheOMe, L-Val, L-Trp 10 mM

Adenosine 5'-triphosphate (ATP) 10 mM

MgSO,x7H,0 10 mM,

where Me denote methyl group.
Reactions were carried out at 32° C. for 15 hours. Then
0.5 mL of reaction mixture was filtered through the Amicon

Ultra-0.5 ml, 3K Centrifugal Filters (Millipore,
#UFC500396) and subjected to HPL.C analysis.

The conditions were as follows:
Equipment: HITACHI L-2000 series.

Column: Inertsil ODS-3 4.6x250 mm, 5 mm (GL Sciences

Inc.).

Temperature: 40° C.
Buffers:

A (for mixture L-Asp/L-Val and L-Glu/L-Val): 0.1 M
KH,PO, (pH 2.2)+5 mM octanesulfonate, sodium salt:
CH;CN as 4:1 (v/v),

B (for mixture L-Asp/L-Phe): 0.1 M KH,PO, (pH 2.2)+5
mM octanesulfonate, sodium salt: CH,CN as 7:3 (v/v),

C (for mixture L-Asp/L-PheOMe, L-Asp/L-Trp, and
L-Val/L-Val): 0.1 M KH,PO, (pH 2.2)+5 mM octanesul-
fonate, sodium salt:CH,CN as 3:2 (v/v),

D (for mixture L-Phe/L-Phe): 0.1 M KH,PO, (pH 2.2)+5
mM octanesulfonate, sodium salt: CH;CN as 1:1 (v/v).
Gradient profile: isocratic.

Flow rate: 1.5 mL/min.
Injection volume: 10 uL..
Detection: UV 210 nm.
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Chemicals used for HPL.C analysis were as follows:
L-Asp (L-Aspartic acid, sodium salt): Nacalai Tesque, Inc.
#03504-75
L-Phe (L-Phenylalanine): Nacalai Tesque, Inc. #26901-35
L-Val (L-Valine): Ajinomoto Co., Inc. #317L.G13
L-Trp (L-Tryptophan): Ajinomoto Co., Inc. #0000002205
L-PheOMe (L-Phenylalanine methyl ester hydrochloride):
Tokyo Chemical Industry Co., Ltd. #P1278
ATP: Oriental yeast Co., Ltd. #45142000
MgSO,x7H,0: Junsei Chemical Co., Ltd. #83580-0301
aAsp-Phe (H-Asp-Phe-OH): Bachem G-1620
PAsp-Phe (H-Asp(Phe-OH)—OH): Bachem G-4750
aAsp-Asp (H-Asp-Asp-OH): Bachem G-1565
Phe-Asp (H-Phe-Asp-OH): Bachem G-2870
Phe-Phe (H-Phe-Phe-OH): Bachem G-2925
aAsp-Val (H-Asp-Val-OH): Bachem G-1635
Val-Asp (H-Val-Asp-OH): Bachem G-3510
Val-Val (H-Val-Val-OH): Bachem G-3595
aGlu-Val (H-Glu-Val-OH): Bachem G-2010
vGlu-Val (H-Glu(Val-OH)—OH): Bachem G-2015
Val-Glu (H-Val-Glu-OH): Bachem G-3520
aGlu-Glu (H-Glu-Glu-OH): Bachem G-1915
aAspartame (H-Asp-Phe-OMe): Bachem G-1545
PAspartame: (H-Asp(Phe-OMe)-OH): Bachem G-3725
Asp-Trp (H-Asp-Trp-OH): Bachem G-3705
Solution of aGlu-Val, yGlu-Val, aAsp-Val (10 mM each)
and aAsp-Phe, fAsp-Phe (5 mM each) were prepared for
HPLC analysis. The concentration of a dipeptide formed
was determined using corresponding calibration curves.
Each solution with standard sample was diluted to 50-folds
or 100-folds for LC-QTOF/MS/MS analysis (Example 5).
The results of HPLC analysis of reaction mixtures are
shown in Table 1. As it can be seen from the Table 1,
BBR47_ 51900 and Staur 4851 catalyze formation of
dipeptide having an acidic L-amino acid such as L.-Asp and
L-Glu at the N-terminus.

Example 5

Determination by LC-QTOF/MS/MS Analysis of
Dipeptides Synthesized by BBR47_51900

Samples of reaction mixtures and standard solutions
obtained as described in Example 4 were subjected to
LC-QTOF/MS/MS analysis.

The conditions were as follows:

Equipment: LC (Agilent1200SL),
Q-TOF Premier)

LC Conditions:

Column: Develosil C30 2.0x250 mm, 3 pm (Nomura
Chemical).

Temperature: 20° C.

Buffers:

A: H,0 (0.025% Formic acid),

B: CH,;CN (0.025% Formic acid).

Gradient Profile:

MS (Micromass

Time (min) B (%)
0 0

20 225
20.1 100
25 100

Flow rate: 0.3 ml/min.
Injection volume: 2-5 ul.
MS Conditions:

Capillary voltage: 3.0 kV.



US 9,428,783 B2

29

Cone voltage: 20 V.

Collision voltage: 4 V (MS/MS 12 V).

Source temperature: 80° C.

Desolvation temperature: 120° C.

Cone gas flow rate: 50 L/hr.

Desolvation gas flow rate: 700 L/hr.

The results of LC-QTOF/MS/MS analysis of reaction
mixtures are shown in FIGS. 7-9. As it can be seen from the
FIGS. 7-9, BBR47_51900 catalyze formation of aAsp-Phe,
aAsp-Val, and aGlu-Val dipeptides.

Example 6

Searching for Enzymes which are Isofunctional to
BBR47_51900 and Staur_4851

The HMMER method was used for searching in the
sequence databases for homologues of protein sequences,
and for making protein sequence alignments. The method
uses a probabilistic model referred to as the profile hidden
Markov model (profile HMM) (Finn R. D. et al., HMMER
web server: interactive sequence similarity searching,
Nucleic Acids Res., 2011, 39(Web Server issue):W29-37).

Compared to BLAST, FASTA, and other sequence align-
ment and database search tools based on older scoring
methodology, HMMER aims to be significantly more accu-
rate and more reliable to detect remote homologues such as
isofunctional proteins because of the strength of its under-
lying mathematical models. In the past, this strength came at
significant computational expense, but in the new HMMER3
project, HMMER has become essentially as fast as BLAST
(Finn R. D. et al., HMMER web server: interactive sequence
similarity searching, Nucleic Acids Res., 2011, 39(Web
Server issue):W29-37).

To search enzymes which are isofunctional to
BBR47_51900 and Staur_4851, the alignment of
BBR47_51900 and Staur_4851 (FIG. 10) was subjected to
the HMMsearch program from HMMER3 suite that allows
searching for one or more profiles against a protein sequence
database (http(colon)/hmmer(dot)janelia(dot)org/). Based
on the sequences alignment for BBR47_51900 and
Staur_4851, the profile HMM had been originated (Model
1), which was used for homologues search. The list of the
nearest isofunctional proteins found (hits) is shown on FIG.
11). Analysis of the distribution diagram of |Log(E-value)
|-values revealed five groups of proteins sharing the [Log
(E-value)l-values between the members of a group lower
than that values between groups (FIG. 12). The first group
comprises BBR47_51900 and Staur_4851, the second group
comprises DES and BCE, the third group comprises BMY,
the fourth group comprises BTH, and the fifth group com-
prises BUR. The rest proteins are a number of ungrouped
homologues having stochastic |Log(E-value)l-values. The
AME and SFL proteins were selected from such ungrouped
homologues as the negative control.

Given the proteins from the first (BBR47_51900,
Staur_4851) and second (DES and BCE) groups are iso-
functional, the new profile HMM (Model 2) based on
alignment of BBR47_51900, Staur_4851, DES and BCE
(FIG. 13) can be originated, which can be used for the
isofunctional proteins search using the HMMsearch pro-
gram as described above. Thus, a new list of isofunctional
proteins can be originated (FIG. 14), which is described by
a distribution diagram of |ILog 10(E-value)l-values, which is
different from the initial diagram (FIG. 15). The new list of
isofunctional proteins can comprise three groups such as the
first group comprising BBR47_51900, Staur_4851, DES
and BCE; the second group comprising BMY and BTH; and
the third group comprising BUR, wherein AME is closer to
the first group (the position change from No. 47 (FIG. 12) to
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No. 33 (FIG. 15)) and SFL is more distant from the first
group (the position change from No. 49 (FIG. 12) to No. 62
(FIG. 15)).

Given the proteins from the first (BBR47_51900,
Staur_4851, DES and BCE) and second (such as BMY)
groups are isofunctional, the new profile HMM (Model 3)
based on alignment of BBR4751900, Staur_4851, DES,
BCE and BMY (FIG. 16) can be originated, which can be
used for the isofunctional proteins search using the
HMMsearch program as described above. Thus, a new list of
isofunctional proteins can be originated (FIG. 17). The new
list of isofunctional proteins can comprise three groups such
as the first group comprising BBR47_51900, Staur_4851,
DES, BCE and BMY; the second group comprising BTH;
the third group comprising BUR, wherein AME is at the
position No. 37 and SFL is at the position No. 65 (FIG. 17).

Given the proteins from the first (BBR47_51900,
Staur_4851, DES, BCE and BMY) and second (BTH)
groups are isofunctional, the new profile HMM (Model 4)
based on alignment of BBR47_51900, Staur_4851, DES,
BCE, BMY and BTH (FIG. 18) can be originated, which can
be used for the isofunctional proteins search using the
HMMsearch program as described above. Thus, a new list of
isofunctional proteins can be originated (FIG. 19). The new
list of isofunctional proteins can comprise three groups such
as the first group comprising BBR47_51900, Staur_4851,
DES, BCE, BMY and BTH; the second group comprising
BUR; the third group comprising AME, wherein SFL is at
the position No. 73 (FIG. 19).

Given the proteins from the first (BBR47_51900,
Staur_4851, DES, BCE, BMY and BTH) and second (BUR)
groups are isofunctional, the new profile HMM (Model 5)
based on alignment of BBR47_51900, Staur_4851, DES,
BCE, BMY, BTH and BUR (FIG. 20) can be originated,
which can be used for the isofunctional proteins search using
the HMMsearch program as described above. Thus, a new
list of isofunctional proteins can be originated (FIG. 21). The
new list of isofunctional proteins can comprise three groups
such as the first group comprising BUR; the second group
comprising BBR47_51900, Staur_4851, DES, BCE, BMY
and BTH; the third group comprising AME, wherein SFL is
at the position No. 104 (FIG. 21).

Given the proteins from the first (BUR), second
(BBR47_51900, Staur_4851, DES, BCE, BMY and BTH)
and third (AME) groups are isofunctional, the new profile
HMM (Model 6) based on alignment of BBR47_51900,
Staur_4851, DES, BCE, BMY, BTH, BUR and AME (FIG.
22) can be originated, which can be used for the isofunc-
tional proteins search using the HMMsearch program as
described above. Thus, a new list of isofunctional proteins
can be originated (FIG. 23). The new list of isofunctional
proteins can comprise two groups such as the first group
comprising BUR; the second group comprising
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH and
AME, wherein SFL is at the position No. 65 (FIG. 23).

Given the proteins from the first (BUR) and second
(BBR47_51900, Staur_4851, DES, BCE, BMY, BTH and
AME) groups, and the SFL protein are isofunctional, the
new profile HMM (Model 7) based on alignment of
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH, BUR,
AME and SFL (FIG. 24) can be originated, which can be
used for the isofunctional proteins search using the
HMMsearch program as described above. Thus, a new list of
isofunctional proteins can be originated (FIG. 25). The new
list of isofunctional proteins can comprise three groups such
as the first group comprising BUR; the second group com-
prising BBR47_ 51900, Staur_4851, DES, BCE, BMY,
BTH and AME; and the third group comprising SFL is at the
position No. 38 (FIG. 25).
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In the similar manner new lists of isofunctional L-amino
acids a-ligases, capable of synthesizing a dipeptide having
an acidic L-amino acid such as L-Asp or L-Glu at the
N-terminus and any other L-amino acid or a derivative
thereof at the C-terminus, can be originated. If the BBR47_
51900 and Staur_4851 proteins are used to originate the
profile HMM (Model 1), the ILog 10(E-value)l=233 can be
used for the new isofunctional Lals search; if the BBR47_
51900, Staur_4851, DES and BCE proteins are used to
originate the HMM profile (Model 2), the ILog 10(E-value)
2196 can be used for the new isofunctional Lals search; if
the BBR47_51900, Staur_4851, DES, BCE and BMY pro-
teins are used to originate the HMM profile (Model 3), the
ILog 10(E-value)l=182 can be used for the new isofunc-
tional Lals search; if the BBR47_51900, Staur_4851, DES,
BCE, BMY and BTH proteins are used to originate the
HMM profile (Model 4), the ILog 10(E-value)l=175 can be
used for the new isofunctional Lals search; if the
BBR47_51900, Staur_4851, DES, BCE, BMY, BTH and
BUR proteins are used to originate the HMM profile (Model
5), the ILog 10(E-value)lz162 can be used for the new
isofunctional Lals search; if the BBR47_51900, Staur_4851,
DES, BCE, BMY, BTH, BUR and AME proteins are used to
originate the HMM profile (Model 6), the [Log 10(E-
value)l=142 can be used for the new isofunctional Lals
search; and if the BBR47_51900, Staur_4851, DES, BCE,
BMY, BTH, BUR, AME and SFL proteins are used to
originate the HMM profile (Model 7), the ILog 10(E-value)
2128 can be used for the new isofunctional Lals search
(FIG. 26), wherein the E-value is a parameter of the
HMMsearch program (Finn R. D. et al., HMMER web
server: interactive sequence similarity searching, Nucleic
Acids Res., 2011, 39(Web Server issue):W29-37).

Example 7

Cloning, Expression, and Purification of the DES,
BUR, BCE, BTH, AME, SFL and BMY Enzymes

The primary structure of the genes encoding the DES,
BUR, BCE, BTH, AME, SFL. and BMY proteins was
optimized for expression in E. coli using “Back translation”
function of Gene Designer program (Villalobos A. et al.,
Gene Designer: a synthetic biology tool for constructing
artificial DNA segments, BMC Bioinformatics, 2006,
7:285). All constructs were synthesized by the SlonoGene™
gene synthesis service (http(colon)//www(dot)sloning(dot)
com/) and delivered as a set of pSlo.X plasmids harboring
the synthesized Xbal-EcoRI fragment, which included the
target genes having optimized sequences. The Xbal-EcoRI
fragments harboring genes with optimized sequences encod-
ing the DES, BUR, BCE, BTH, AME, SFL and BMY
proteins are shown in SEQ ID NOs: 21, 22, 23, 24, 25, 26
and 27, respectively.

The DES, BUR, BCE, BTH, AME, SFL and BMY
proteins can be expressed in E. coli, purified, and their
activities can be investigated as described for BBR47_51900
and Staur_4851 in Examples 1-5.

Example 8

Construction of the E. coli Peptidase-Deficient
1-6A Strains

8.1. Construction of the E. coli Peptidase-Deficient 1-5A
Strains.

The iadA gene was deleted in the E. coli BW25113 strain
(KEIO collection, strain No. ME9062) having the ApepB
mutation (KEIO collection, strain No. JW2507; The E. coli
Genetic Stock Center, Yale University, New Haven, USA,
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the accession No. CGSC9995) (E. coli 1Astrain). For this
purpose, the DNA fragment bearing the Aattl-cat-AattR
cassette was PCR (polymerase chain reaction) amplified
using the primers P1 (SEQ ID NO: 28) and P2 (SEQ ID NO:
29), and the pMW 118-AattR-cat-hattl, plasmid as the tem-
plate (Katashkina Zh. I. et al., Mol. Biol. (Mosk.), 2005,
39(5):823-831). The resulting DNA fragment was intro-
duced into the E. coli BW25113(ApepB)/pKD46 strain by
electrotransformation using “Bio-Rad” electroporator
(USA) (No. 165-2098, version 2-89) according to the manu-
facturer’s instructions. The recombinant plasmid pKD46
(Datsenko K. A. and Wanner B. L., Proc. Natl. Acad. Sci.
US4, 2000, 97:6640-6645) with the temperature-sensitive
replicon was used as the donor of the phage A-derived genes
responsible for the ARed-mediated recombination system.
The pKD46 plasmid can be integrated into . col/i BW25113
(ApepB) by the described method (Datsenko K. A. and
Wanner B. L., Proc. Natl. Acad. Sci. US4, 2000, 97:6640-
6645) to obtain the E. coli BW25113(ApepB)/pKD46 strain.
Alternatively, the E. coli BW25113(ApepB) strain contain-
ing the recombinant plasmid pKD46 can be obtained from
the E. coli Genetic Stock Center, Yale University, New
Haven, USA, the accession number is CGSC7739.

The E. coli BW25113 (ApepB, iadA::hattR-cat-Aattl)
transformant is resistant to chloramphenicol (Cm) encoded
by the cat gene and harbors in chromosome the “excisable”
chloramphenicol-resistance marker (Cm®-marker) instead
of iadA. The Cm®-marker was excised as described in
(Katashkina Zh. 1. et al., Mol. Biol. (Mosk.), 2005, 39(5):
823-831) to construct the E. coli BW25113 (ApepB, iadA::
AattB) strain (E. coli 2A strain).

The pepE gene was deleted in the E. coli BW25113
(ApepB, iadA::hattB) strain. A DNA fragment bearing the
Aattl-cat-hattR cassette was PCR amplified using the prim-
ers P3 (SEQ ID NO: 30) and P4 (SEQ ID NO: 31), and the
pMW118-AattR-cat-hattl, plasmid as the template. The
resulting DNA fragment was introduced into the E. coli
BW25113(ApepB, iadA::hattB)/pKD46 strain by elec-
trotransformation as described above. The Cm™-marker was
excised from the E. coli BW25113(ApepB, iadA::AattB,
pepE::AattR-cat-Aattl.) transformant to construct the E. coli
BW25113(ApepB, iadA::hattB, pepE::AattB) strain (. coli
3A strain).

The ybiK gene was deleted in the E. co/i BW25113
(ApepB, iadA::hattB, pepE::AattB) strain. A DNA fragment
bearing the Aattl-cat-AattR cassette was PCR amplified
using the primers P5 (SEQ ID NO: 32) and P6 (SEQ ID NO:
33), and the pMW 118-AattR-cat-hattl, plasmid as the tem-
plate. The resulting DNA fragment was introduced into the
E. coli BW25113(ApepB, iadA::hattB, pepE::AattB)/pKD46
strain by electrotransformation as described above. The
Cm®-marker was excised from the E. coli BW25113(ApepB,
iadA::AattB, pepE::hattB, ybiK::AattR-cat-Aattl.) transfor-
mant to construct the E. coli BW25113(ApepB, iadA::AattB,
pepE::AattB, ybiK::AattB) strain (£. coli 4A strain).

The dapE gene was deleted in the E. coli BW25113
(ApepB, iadA::hattB, pepE::AattB, ybiK::AattB) strain. A
DNA fragment bearing the Aattl-cat-AattR cassette was
PCR amplified using the primers P7 (SEQ ID NO: 34) and
P8 (SEQ ID NO: 35), and the pMW118-AattR-cat-Aattl
plasmid as the template. The resulting DNA fragment was
introduced into the E. coli BW25113(ApepB, iadA::AattB,
pepE::AattB, ybiK::AattB)/pKD46 strain by electrotransfor-
mation as described above. The Cm”®-marker was excised
from the E. coli BW25113(ApepB, iadA::hattB, pepE:
AattB, ybiK::AattB, dapE::AattR-cat-Aattl.) transformant to
construct the E. coli BW25113(ApepB, iadA::AattB, pepE::
AattB, ybiK::AattB, dapE::AattB) strain (£. coli SA strain).
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Thus the E. coli strains having one to five deleted the
peptidases encoding genes (the E. coli 1-5A strains) were
constructed.

8.2. Analysis of the Specific Aspartic Peptide-Hydrolyzing
Activity in the E. coli SA Strain.

To analyze the specific aspartic peptide-hydrolyzing
activity, the artificial dipeptide DP3 (L-Asp-L-5-Fluorotryp-
tophan) was synthesized (the Branch of the Institute for
Bioorganic Chemistry (BIBCh) of the Russian Academy of
Sciences, Pushchino, Russian Federation). The peptide
hydrolyzing activity was investigated in vitro and in vivo.

For in vitro studies, cells of E. coli BW25113 and E. coli
5A strain were grown on LB and M9-salts+Glucose (0.2%,
w/v) media (Sambrook, J. and Russell, D. W. (2001)
Molecular Cloning: A Laboratory Manual (3 ed.). Cold
Spring Harbor Laboratory Press) at 37° C. to cells density of
ODsqs,,,~1. Grown cells were harvested by centrifugation
(4° C., 10000 rpm), re-suspended in buffer E (50 mM
Tris-HC1 pH 8.0, 20 mM NaCl), disrupted by sonication
followed by centrifugation (14000 g, 4° C., 20 min) to
remove cell debris. The crude protein concentration can be
determined using the Bradford protein assay (Bradford M.
M., Anal. Biochem., 1976, 72:248-254) using bovine serum
albumin as a standard. The obtained crude proteins prepa-
rations were used to investigate DP3-hydrolyzing activity.

The reaction mixture contained:

50 mM Tris-HC1 pH 8.0,

20 mM NaCl,

5 mM DP3 dipeptide,

1 mM ZnSO, or MnCl,,

24 ng of crude proteins preparation,

H,O to a total volume of 10 uL.

Reaction mixtures were incubated at 37° C. for different
time. The DP3-hydrolyzing activity was measured by quan-
titative TLC analysis of the S-fluorotryptophan released
(FIG. 27, Table 4). As a mobile phase, the mixture of
2-propanol:acetone:H,O as 25:25:4 was used. A solution
(0.3%, w/v) of ninhydrin in acetone was used as a visual-
izing reagent. The obtained results indicate that aspartic
peptide-hydrolyzing activity can be determined in SA strain
suggesting that there are unknown peptidases having DP3-
hydrolyzing activity in the E. coli SA strain.

For in vivo studies, toxicity of DP3 dipeptide for con-
structed peptidase-deficient £. coli SA strain was investi-
gated (FIG. 28). Cells of E. coli BW25113 and E. coli 5A
strains were grown on M9-salts medium supplemented with
D-glucose or glycerol (0.4%, w/v) to cells density of
ODs55,,,~2. The cells biomass was diluted and about 106
cells were plated onto M9-salts agar supplemented with
D-glucose or glycerol (0.4%, w/v), and DP3 dipeptide.
Plates were incubated at 37° C. for 48 hours (for D-glucose)
or 72 hours (for glycerol) (Table 5). Visual analysis showed
that deletion of five known aspartic peptide-hydrolyzing
enzymes encoded by the pepB, iadA, pepE, ybiK and dapE
genes decreases DP3 toxicity for E. coli 5A strain (from 6
uM for BW25113 to 30 uM for SA strain grown on
M9-salts+D-glucose medium). Increasing DP3 concentra-
tion up to 50 uM resulted in growth arrest of the E. coli SA
strain suggesting the residual intracellular DP3 peptidase
activity.

8.3. Identification of Residual Peptidases in the £. coli 5SA
Strain Having Specific Aspartic Peptide-Hydrolyzing Activ-
ity.

To identify the residual intracellular peptidases having
specific aspartic peptide-hydrolyzing activity, the following
procedure was used. Cells of the E. coli S5A strain were
grown at 37° C. overnight in 4 L of M9-salts media
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supplemented with D-glucose (0.4%, w/v). Grown cells
were harvested by centrifugation (4° C., 10000 rpm) and
re-suspended in 100 mL of buffer F (20 mM Tris-HCI pH
7.5, 20 mM NaCl).

Purification protocol was as follows:

Step 1. Cells were disrupted by 2 passages through
French-press (Thermo Spectronic) followed by centrifuga-
tion (14000 g, 4° C., 20 min) to remove cell debris. The
obtained crude proteins preparation was loaded onto DEAE
FF 16/10 column (20 mL) (GE Healthcare) equilibrated with
buffer F (20 mM Tris-HC1 pH 7.5, 20 mM NaCl). The
elution was carried out at flow rate of 1 mL/min by applying
the liner gradient of NaCl (from 20 to 600 mM in 20 column
volumes) in buffer F. Fractions (10 mL each) were collected
and analyzed as described in Example 8.2. Active fractions
16-21 were found.

Step 2. Proteins from collected fractions 16-21 were
precipitated by saturated (60%) (NH,),SO,, re-suspended in
2 mL of buffer F and loaded onto standard Superdex 200 HR
10/30A column (GE Healthcare) equilibrated with buffer G
(20 mM Tris-HCI pH 7). Isocratic elution was carried out at
flow rate of 0.5 mL/min by applying buffer G. 0.5 ml
Fractions (0.5 mL each) were collected and analyzed as
described in Example 8.2. Active fractions (12-13) were
found.

Step 3. Proteins from collected fractions 12-13 (Step 2)
were loaded onto Soursel5Q column (1.6 mL) (GE Health-
care) equilibrated with buffer G (20 mM Tris-HCI pH 7).
The elution was carried out at flow rate of 0.5 mL/min by
applying the liner gradient of NaCl (from 0 to 400 mM in 20
column volumes) in buffer G. Fractions (0.5 mL each) were
collected and analyzed as described in Example 8.2. Active
fractions (15-17) were found. Purification data are summa-
rized in Table 6.

Step 4. To identify the peptidases having specific aspartic
peptide-hydrolyzing activity the proteins from several frac-
tions (15-17) were subjected to SDS-PAGE (Laemmli U. K.,
Cleavage of structural proteins during the assembly of the
head of bacteriophage T4, Nature, 1970, 227:680-685). The
profile of activity elution was compared with that of proteins
elution. Only one protein was found, for which activity and
elution profiles were identical.

The purified protein was extracted from SDS-gel and
digested with trypsin (Govorun V. M. et al., Biochemistry
(Mosc.), 2003, 68(1):42-49). The digestion mixture was
mass-analyzed using MALDI-TOF as described in (Govo-
run V. M. et al., Biochemistry (Mosc.), 2003, 68(1):42-49).
The resulted mass-spectrum of the isolated protein matched
with that obtained for aminopeptidase A/I (PepA) of E. coli.
Thus the sixth peptidase was found in E. coli SA strain.
8.4. Construction of the F. coli Peptidase-Deficient Strain.

The pepA gene was deleted in the £. coli BW25113
(ApepB, iadA:hattB, pepE::AattB, ybiK::AattB, dapE:
AattB) strain as described in Example 8.1. A DNA fragment
bearing the Aattl-cat-AattR cassette was PCR amplified
using the primers P9 (SEQ ID NO: 36) and P10 (SEQ ID
NO: 37), and the pMW118-AattR-cat-hattl, plasmid as the
template. The resulting DNA fragment was introduced into
the E. coli BW25113(ApepB, iadA::hattB, pepE::AattB,
ybiK::hattB, dapE::AattB)/pKD46 strain by electrotransfor-
mation as described above to construct the E. coli BW25113
(ApepB, iadA:hattB, pepE::AattB, ybiK::AattB, dapE:
AattB, pepA::Aattl-cat-AattR) strain (E. coli 6A strain).
8.5. Analysis of the Specific Aspartic Peptide-Hydrolyzing
Activity in the E. coli 6A Strain.

The specific aspartic peptide-hydrolyzing activity was
analyzed in vitro as described in Example 8.2. The obtained
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results (Table 4) indicate that aspartic peptide-hydrolyzing
activity can be determined in 6A strain, which is lower as
compared with 4-5A strains.

Example 9

Fermentative Production of Dipeptides Having an

Acidic L-Amino Acid Such as L-Asp or L-Glu at

the N-Terminus Using the Modified E. coli SA and
6A Strains Having Lal Activity

The dipeptides having an acidic L-amino acid such as
L-Asp or L-Glu at the N-terminus is produced using a
bacterium of the family Enterobacteriaceae, more specifi-
cally a bacterium belonging to the genus Escherichia such as
E. coli having dipeptide-producing ability, in a medium
supplemented with or devoid of, for example, but not limited
to required amino acids. A dipeptide-producing bacterium is
the E. coli 5A or 6A strain as described above deficient of
peptidase activity, further modified to have L-amino acid
a-ligase activity. The dipeptide-producing strain is further
The gene(s) encoding Lal(s) selected from the group con-
sisting of BBR47_51900, Staur_4851, DES, BUR, BCE,
BTH, AME, SFL and BMY is(are) introduced into chromo-
some of the E. coli or introduced into the bacterial cell on a
plasmid having the gene encoding the Lal. The gene(s)
encoding Lal(s) is(are) placed under a promoter.

The modified . coli SA or 6A harboring gene(s) encoding
Lal(s) and the control SA or 6A strains are each cultivated at
28-37° C. for 18-72 hours in Luria-Bertani broth (also
referred to as lysogenic broth as described in Sambrook, J.
and Russell, D. W. (2001) Molecular Cloning: A Laboratory
Manual (3" ed.). Cold Spring Harbor Laboratory Press). The
E. coli 5A or 6A strain harboring gene(s) encoding Lal(s) is
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The fermentation medium is sterilized at 116° C. for 30
min, except that glucose and CaCOj are sterilized separately
and as follows: glucose at 110° C. for 30 min, CaCO; at 116°
C. for 30 min. The pH is adjusted to 5-8 by KOH solution.

5 After cultivation, accumulated dipeptide is measured
using thin-layer chromatography (TLC). TLC plates (10x20
cm) are coated with 0.11 mm layers of Sorbfil silica gel
containing non-fluorescent indicator (Sorbpolymer, Krasno-
dar, Russian Federation). The TLC plates are developed with
a mobile phase consisting of 2-propanol:acetone:250 mM
ammonia:H,O as 100:100:12:28. A solution (0.3%, w/v) of
ninhydrin in acetone is used as a visualizing reagent. Detec-
tion is performed at 540 nm.

10

s Auxiliary Example 1

The multiple alignments of the BBR47_51900 and
Staur_4851 proteins with known L-amino acid a-ligases
(Lals) are shown in Table 2 (identity) and Table 3 (similar-
ity). As it can be seen from the Tables 2 and 3, the
BBR47_51900 and Staur_4851 proteins have the identity
value of not higher than 25% (Table 2) and the similarity
value of not higher than 43% (Table 3) with known Lals.

20

Auxiliary Example 2

The pair-wise alignment data for the BBR47_51900,
Staur_4851, DES, BUR, BCE, BTH, AME, SFL and BMY
proteins are shown in Table 7 (identity) and Table 8 (simi-
larity). As it can be seen from the Tables 7 and 8, the
BBR47_51900, Staur_4851, DES, BUR, BCE, BTH, AME,
SFL and BMY proteins have the identity value of not higher
than 25% (Table 7) and the similarity value of not higher
than 44% (Table 8).

30

TABLE 1

inoculated into 2 mL of a fermentation medium in 20x200 35
mm test-tubes and cultivated at 28-37° C. for 18-72 hours on Dipeptides synthesized by BBR47_51900 and Staur_4851.
a rotary shaker at 250 rpm.
The composition of the fermentation medium is (g/L): .
Dipeptides (mM)
40 Enzyme Asp-Phe  Asp-PheOMe  Asp-Trp Asp-Val Glu-Val
Glucose 5-40
NaCl 0.8 BBR47_51900 1.22 0.03 0.13 3.9 1.48
(NH,),S0, 22 Staur_ 4851 2.54 0.02 1.48 44 0.40
K,HPO, 2.0
TABLE 2
Multiple alignment (identity, in %) of BBR47_ 51900 and Staur 4851 with known Lals.
Lals with known substrate specificity
Enzyme 1 2 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
BBR47_51900 100 33 23 25 20 17 19 15 12 13 15 15 15 16 12 13 18 10 13
Staur_ 4851 38 100 25 23 17 16 21 17 13 13 13 16 16 17 14 14 14 9 13
Identity can be defined as percentage of identical amino acids residues among all ungapped positions between the pairs.
-continued Protein abbreviation:
1—BBR47_51900 (NCBI Reference Sequence:
MgSO,x7TH,0 0.8 YP_002774671.1);
MnSOx5H,0 0.02 6o 2—Staur_4851 (NCBI Reference Sequence: AD072629.1);
FeSO,x7TH,0 0.02 3—TDE2209 (NCBI Reference Sequence: NP 972809.1);
Thiamine hydrochloride 0.002 4—BL00235 (NCBI Reference Sequence: YP_081312.1);
Yeast extract 1.0-2.0 5—plul218 (NCBI Reference Sequence: NP 928530.1);
CaCO; 30 6—YWIE (UniProtKB/Swiss-Prot: P39641.1);
L-Phe 0-100 (mM) 7—Rsp1486 (NCBI Reference Sequence: NP 523045.1);
L-Asp 0-100 (mM) 65 8—NP_ 900476 (NCBI Reference Sequence: NP 900476.1);

9—Aple02000835 Reference

ZP_00134462.2),

(NCBI Sequence:
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10—SMU1321c (NCBI
NP_721690.1);

11—YP 816266 (NCBI Reference Sequence: YP 816266.1);

Reference Sequence:

12—YP_001544794 (NCBI Reference Sequence: YP
001544794.1),
13—YP_077482 (NCBI Reference Sequence: YP

077482.1);
14—BAHS56723 (GenBank: BAH56723.1);
15—NP 358563 (NCBI Reference Sequence: NP 358563.1);
16—YP_910063 (NCBI Reference Sequence:
YP_910063.1);
17—BAG72134 (GenBank: BAG72134.1);
18—plul1440 (NCBI Reference Sequence: NP 928738.1);
19—AAZ37741 (GenBank: AAZ37741.1).

TABLE 3

10
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Abbreviations:
WT—BW25113;

4A—BW25113(ApepB, iadA::AattB, pepE::hattB, ybiK::
AattB);

SA—BW25113(ApepB, iadA::hattB, pepE:AattB, ybiK::
AattB, dapE::AattB;

6A—BW25113(ApepB, iadA::hattB, pepE:AattB, ybiK::
AattB, dapE::AattB, pepA::Aattl-cat-AattR).

Multiple alignment (similarity, in %) of BBR47 51900 and Staur 4851 with known Lals.

Lals with known substrate specificity

Enzyme 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
BBR47_51900 100 57 42 43 37 33 39 33 30 30 31 32 34 36 34 32 37 26 29
Staur_4851 57 100 43 42 36 32 38 31 32 32 30 32 33 35 29 34 34 20 30
Similarity can be defined as percentage of identical plus similar amino acid residues

25
Protein Abbreviation: TABLE 5
1—BBR47_51900 (NCBI Reference Sequence:

YP_()()277467].]); Investigation of the DP3 toxicity due to the specific aspartic
2— Staur_4851 (NCBI Reference Sequence: AD072629.1); peptide-hvdrolyzing activity in the £ coli SA strain.
3—TDE2209 (NCBI Reference Sequence: NP_972809.1); 30 DP3 Culfivation medium
4—BL00235 (NCBI Reference Sequence: YP_081312.1);
5—plul218 (NCBI Reference Sequence: NP_928530.1); cone . M%‘Ziy%u;;’“ M90'S;1/VG\)13;?01
6—YWIE (UniProtKB/Swiss-Prot: P39641.1); (mM) _ strains ©a%, W) (0.4%, W)
7—Rsp1486 (NCBI Reference Sequence: NP_523045.1); 0 WT ++ ++
8NP 900476 (NCBI Reference Sequence: NP_900476.1); * , b b
9—Ap1e02000835 (NCBI Reference  Sequence: SA — —

ZP_00134462.2), 4 WT + +
10—SMU1321¢ (NCBI Reference Sequence: SA ++ ++

NP_721690.1); 0 6 XT " "
11—YP 816266  (NCBI  Reference  Sequence: 10 WT - -

YP_816266.1); SA ++ +
12—YP_001544794  (NCBI  Reference  Sequence: 15 WT - -

YP_001544794.1); " ééT + -
13—YP 077482 (NCBI  Reference  Sequence: SA ++ -

45

YP_077482.1); 30 WT - -
14—BAHS56723 (GenBank: BAH56723.1); SA += -
15-NP 358563 (NCBI  Reference  Sequence: R : :

NP_358563.1);
16—YP 910063 (NCBI Reference Sequence: 5+ the level of growth is equal to that of the wild-type strain observed at 0 mM DP3

YP_910063.1);
17—BAG72134 (GenBank: BAG72134.1);
18—plul440 (NCBI Reference Sequence: NP_928738.1);
19—AAZ37741 (GenBank: AAZ37741.1)

+: the level of growth is lower compared to that of the wild-type strain observed at 0 mM
DP3

+-: the level of growth could be observed but is very low compared to that of the wild-type
strain observed at 0 mM DP3

—: growth could not be observed

55
TABLE 4 TABLE 6
The specific aspartic peptide-hydrolyzing activity (A, Purification of peptidases having specific aspartic
in nmoles/mg min) in the E. coli 4-6A strains. peptide-hydrolyzing (DP3-hydrolyzing) activity.
Strain 60 Total
Activity activity
Cofactors WT 4A SA 6A \' Conc. Protein  (nmoles/  (nmoles/
Fraction (mL) (mg/mL) (mg) mg min) min)
— 110.48 6.98 7.41 6.07
Zn?* 123.03 6.38 5.63 4.69 Lysate 30.0 4.550 136.5 14.7 2006.6
Mn?* 282.34 13.26 14.14 6.86 Unbound 30.0 1.080 324 1.4 454
65 DEAE (16-21) 60.0 1.100 66.0 22.4 1477.8
Standard Deviation: <5%. Superdex (12-13) 2.0 0.520 1.04 69.8 72.5
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TABLE 6-continued

Purification of peptidases having specific aspartic
peptide-hydrolyzing (DP3-hydrolyzing) activity.

Total
Activity activity
\' Conc. Protein  (nmoles/  (nmoles/

Fraction (mL) (mg/mL) (mg) mg min) min)

Source 15Q (15) 0.5 0.050 0.025 116.6 2.9

Source 15Q (16) 0.5 0.050 0.025 382.8 9.6

Source 15Q (17) 0.5 0.050 0.025 155.7 3.9

TABLE 7
Pair-wise alignment (identity, in %) of Lals.

Enzyme AME SFL BBR BCE DES BMY BTH BUR STA
AME 100 36 29 29 25 27 31 25 29
SFL 100 32 30 30 28 26 28 36
BBR 100 55 57 46 40 35 36
BCE 100 61 47 38 30 33
DES 100 47 40 32 36
BMY 100 41 30 34
BTH 100 30 32
BUR 100 38
STA 100

Identity can be defined as percentage of identical amino acids residues among all ungapped
positions between the pairs. BBR means BBR47_ 51900, and STA means Staur_ 4851.

TABLE 8

Pair-wise alignment (similarity, in %) of Lals.

Enzyme AME SFL BBR BCE DES BMY BTH BUR STA
AME 100 58 51 52 51 50 51 45 50
SFL 100 47 48 49 46 45 44 50
BBR 100 74 76 65 64 54 55
BCE 100 79 65 64 49 54
DES 100 67 66 53 56
BMY 100 61 48 53
BTH 100 50 51
BUR 100 55
STA 100

Similarity can be defined as percentage of identical plus similar amino acid residues among
all ungapped positions between the pairs. BBR means BBR47_51900, and STA means
Staur_4851.

Example 10

Enzymatic Production of Asp-Phe with
BBR47_51900 and Staur_4851 Using ATP
Regeneration System

The product yield of Asp-Phe was studied in the reaction
mixture of BBR47_51900 and Staur_4851 containing phos-
phoenolpyruvate and pyruvate kinase for regeneration of
ATP in order to prevent highly concentrated ATP from
inhibiting the enzyme reaction. The composition of the
reaction mixture of total volume of 1 ml was as follows.

BBR47_51900 or Staur_4851 0.15 U

Tris-HCI pH 9.0 50 mM
L-AspNa 100 mM
L-Phe 100 mM
ATP 10 mM
Phosphoenolpyruvate 100 mM
MgSO,4x7H,O 10 mM
Pyruvate kinase 25U
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H,O to a total volume of 1 mL

Reactions were carried out at 37° C. for 1-48 hours. 100
uL out of the 1 mL reaction mixture was sampled at each
reaction time. Each reaction mixture, into which 10 ul of 1
M EDTA (pH9.0) was added to stop the reaction, was
subjected to HPLC analysis. The condition was as described
in Example 4. As a result, BBR47_51900 and Staur_4851
could produce Asp-Phe in the ATP regeneration system
(Table 9).

TABLE 9

Asp-Phe (mM)

1 hr 2 hr 4 hr 8hr 24hr 48 hr
BBR47_51900 7 13 24 40 68 74
Staur_5841 10 20 33 49 56 56
Example 11
Analysis of the Specific Asp-Phe Hydrolyzing
Activity in the E. coli 7A Strain

11.1. Construction of the E. coli Asp-Phe Hydrolysing
Peptidase-Deficient 7A Strains

The pepD gene was deleted in the E. coli IM109 strain. A
DNA fragment bearing the Aattl-cat-AattR cassette was
PCR amplified using the primers P11 (SEQ ID NO:38) and
P12 (SEQ ID NO:39), and the pMW118-AattL-cat-AattR
plasmid as the template. The resulting DNA fragment was
introduced into the E. coli IM109/pKD46 strain as described
above. The Cm”™-marker was excised from the £. coli IM109
(pepD:: AattR-cat-Aattl) transformant to construct the F.
coli IM109 (pepD:: AattB) strain.

The pepE gene was deleted in the £. coli IM109 (pepD::
AattB) strain. A DNA fragment bearing the Aattl.-cat-AattR
cassette was PCR amplified using the primers P13 (SEQ ID
NO: 40) and P14 (SEQ ID NO: 41), and the pMW118-
Aattl-cat-AattR plasmid as the template. The resulting DNA
fragment was introduced into the E. coli IM109 (pepB::
AattB)/pKD46 strain as described above. The Cm”™-marker
was excised from the E. coli IM109 (pepD:: AattB, pepE::
AattR-cat-Aattl) transformant to construct the E. coli IM109
(pepD:: AattB, pepE:: AattB) strain.

The iadA gene was deleted in the E. coli IM109 (pepD::
AattB, pepE:: AattB) strain. A DNA fragment bearing the
Aattl-cat-AattR cassette was PCR amplified using the prim-
ers P15 (SEQ ID NO: 42) and P16 (SEQ ID NO: 43), and
the pMW118-Aattl.-cat-AattR plasmid as the template. The
resulting DNA fragment was introduced into the E. coli
IM109 (pepD:: AattB, pepE:: AattB)/pKD46 strain as
described above. The Cm”®-marker was excised from the E.
coli IM109 (pepD:: AattB, pepE:: AattB, iadA:: AattR-cat-
Aattl) transformant to construct the . coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: AattB) strain.

The pepA gene was deleted in the E. coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: AattB) strain. A DNA fragment
bearing the Aattl.-cat-AattR cassette was PCR amplified
using the primers P17 (SEQ ID NO: 44) and P18 (SEQ ID
NO: 45), and the pMW118-AattL-cat-AattR plasmid as the
template. The resulting DNA fragment was introduced into
the E. coli IM109 (pepD:: AattB, pepE:: AattB, iadA:
AattB)/pKD46 strain as described above. The Cm”®-marker
was excised from the E. coli IM109 (pepD:: AattB, pepE::
AattB, iadA:: AattB, pepA:: AattR-cat-Aattl.) transformant
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to construct the £. coli IM109 (pepD:: AattB, pepE:: AattB,
iadA:: AattB, pepA:: AattB) strain.

The pepB gene was deleted in the E. coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: AattB, pepA:: AattB) strain. A
DNA fragment bearing the Aattl-cat-AattR cassette was
PCR amplified using the primers P19 (SEQ ID NO: 46) and
P20 (SEQ ID NO: 47), and the pMW118-AattL-cat-AattR
plasmid as the template. The resulting DNA fragment was
introduced into the E. coli IM109 (pepD:: AattB, pepE::
AattB, iadA: AattB, pepA:: AattB)/pKD46 strain as
described above. The Cm™-marker was excised from the E.
coli IM109 (pepD:: AattB, pepE:: AattB, iadA:: AattB,
pepA:: AattB, pepB:: AattR-cat-Aattl) transformant to con-
struct the E. coli IM109 (pepD:: AattB, pepE:: AattB, iadA::
AattB, pepA:: AattB, pepB:: AattB) strain.

The iaaA gene was deleted in the E. coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: AattB, pepA:: AattB, pepB:
AattB) strain. A DNA fragment bearing the Aattl.-cat-AattR
cassette was PCR amplified using the primers P21 (SEQ ID
NO: 48) and P22 (SEQ ID NO: 49), and the pMW118-
Aattl-cat-AattR plasmid as the template. The resulting DNA
fragment was introduced into the E. coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: AattB, pepA:: AattB, pepB:
AattB)/pKD46 strain as described above. The Cm”®-marker
was excised from the E. coli IM109 (pepD:: AattB, pepE::
AattB, iadA:: AattB, pepA:: AattB, pepB:: AattB, iaaA::
AattR-cat-Aattl) transformant to construct the £. coli IM109
(pepD:: AattB, pepE:: AattB, iadA:: AattB, pepA:: AattB,
pepB:: AattB, iaaA:: AattB) strain.

The dpp gene operon (dppA, dppB, dppC, dppD, dppF)
was deleted in the £. coli IM109 (pepD:: AattB, pepE::
AattB, iadA:: AattB, pepA:: AattB, pepB:: AattB, iaaA::
AattB) strain. A DNA fragment bearing the Aattl.-cat-AattR
cassette was PCR amplified using the primers P23 (SEQ ID
NO: 50) and P24 (SEQ ID NO: 51), and the pMW118-
Aattl-cat-AattR plasmid as the template. The resulting DNA
fragment was introduced into the E. coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: AattB, pepA:: AattB, pepB:
AattB, iaaA:: AattB)/pKD46 strain as described above. The
Cm®-marker was excised from the E. coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: AattB, pepA:: AattB, pepB:
AattB, iaaA:: AattB, dpp:: AattR-cat-Aattl.) transformant to
construct the . coli IM109 (pepD:: AattB, pepE:: AattB,
iadA:: AattB, pepA:: AattB, pepB:: AattB, iaaA:: hattB, dpp::
AattB) strain.

11.2. Analysis of the Specific Asp-Phe Hydrolyzing Activity
in the E. coli 7AStrain

Cells of E. coli IM109 and E. coli 7A strain were grown
on LB agar medium at 37° C. for 16 hours. Grown cells were
inoculated into 20 mL of MS medium and grown at 37° C.
to cells density of ODy;,,,~20. And then, the authentic
Asp-Phe was added into the culture (final concentration of 2
mM), further 32 hours cultivation was carried out. The
resulting culture at each cultivation time was centrifuged to
obtain a culture supernatant. The residual Asp-Phe in the
culture supernatant was analyzed by HPLC. The results are
shown in Table 10. Asp-Phe hydrolyzing activity in the
culture of E. coli 7A strain was much lower as compared
with that of E. coli JIM109.

The composition of the MS medium is (g/L)

Glucose 20
(NH,),80, 8
KH,PO, 0.5
FeSOx7H,0 0.005
MnSO,x7H,0 0.005
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-continued
Yeast extract 1
L-Tyr 0.05
MgSO,x7H,0 0.5
CaCO; 30

The fermentation medium is sterilized at 121° C. for 20
minutes, except that glucose, MgSO,7H,0 and CaCO; are
sterilized separately and as follows: glucose and
MgSO,7H,0 at 121° C. for 20 min, CaCOj; at 180° C. for
2 hours. The pH is adjusted to 7 by KOH solution. As a
result, the specific Asp-Phe hydrolyzing activity was low-
ered in the E. coli strain compared with that in the E. coli

IM109(Table 10).
TABLE 10
Ohr  2hr  4hr  6hr 8hr 24hr 32Mhr
IM109 100 0 0 0 0 0 0
7A strain 100 97 96 96 95 91 87
Example 12
Evaluation of Productivity of Asp-Phe by E. coli
7A Strain Overexpressing a Lal Gene
The primary structure of the genes encoding

BBR47_51900 and Staur_4851 was further optimized for
expression in E. coli. The genes encoding BBR47_51900
from Brevibacillus brevis NBRC 100599 and Staur 4851
from Stigmatella aurantiaca DW4/3-1 were synthesized by
the GenScript and delivered as a set of pUCS57 plasmids
(pUC57-cBBR  and pUCS57-cSTA). The nucleotide
sequences of the prepared cBBR and ¢STA are represented
by SEQ ID NO: 68 and SEQ ID NO: 69, respectively.
12.1. Construction of pSF12-cBBR and pSF12-cSTA

A DNA fragment bearing BBR47_51900 was PCR ampli-
fied using the primers P25 (SEQ ID NO:52) and P26 (SEQ
ID NO:53), and the pUC57-cBBR plasmid as the template.
The PCR was carried out using the following step program:
98° C., 30 seconds; (98° C., 15 seconds; 58° C., 10 seconds;
72° C., 1 minute)x30 cycles; 72° C., 5 minutes with 50 uL.
of a reaction mixture comprising 0.04 ng of the plasmid
DNA, 0.2 pymol/LL each of the primers, 1.0 unit of Phusion
High-Fidelity DNA Polymerase (New England Labs), 10 pul.
of 5x Phusion HF buffer and 0.2 mmol/L each dNTPs. The
amplified DNA fragment was purified by MinElute PCR
Purification Kit (Qiagen).

A DNA fragment bearing Staur_4851 was PCR amplified
using the primers P27 (SEQ ID NO:54) and P28 (SEQ ID
NO:55), and the pUCS57-cSTA plasmid as the template. The
PCR condition and purification method was as described
above.

The thus obtained solutions were subjected to reaction to
cleave the amplified DNA with restriction enzyme Nde [ and
Pst 1, and then each 1.3 kb fragments was purified with
MinFlute Reaction Cleanup Kit (Qiagen).

pSF12-ggt vector was constructed from pUCI18 vector
and harbours the rpoH promoter and ggt gene encoding
gamma-glutamyltranspeptidase from E. coli W3110 strain
(W002013051685A1). The pSF12-ggt vector was cleaved
with Nde I and Pst I. DNA fragments were separated by
agarose gel electrophoresis, and a 3.0 kb DNA fragment was
recovered by QIAquick Gel Extraction Kit (Qiagen).
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The 1.3 kb DNA fragment containing BBR47_51900
gene or Staur_4851 and the 3.0 kb DNA fragment obtained
above were subjected to ligation reaction using TaKaRa
Ligation Kit Ver.2.1 (TaKaRa) at 16° C. for 30 minutes. F.
coli JIM109 competent cell (TaKaRa) was transformed by a
heat shock method using the ligation reaction mixture,
spread on LB agar medium containing 100 pg/ml. ampicil-
lin, and cultured overnight at 30° C. A plasmid was extracted
from a colony of the transformant that grew on the medium
according to a known method, whereby pSF12-cBBR and
pSF12-cSTA were obtained. The DNA sequence of the
vectors was confirmed using 3130 Genetic Analyzer (Ap-
plied Biosystems).
12.2. Fermentative Production of Asp-Phe Using the Modi-
fied E. coli 7A Strains Having Lal Activity

A dipeptide-producing bacterium is the E. coli 7A strain
as described above deficient of peptidase and dipeptide
permease activity, further modified to have L-amino acid
a-ligase activity. The dipeptide-producing strains harbour
the gene encoding BBR47_51900 or Staur_4851 introduced
into the bacterial cell on a plasmid, pSF12-cBBR or pSF12-
cSTA, respectively. Each genes encoding Lals is placed
under the rpoH promoter. The modified E. coli 7A strains
harboring the gene encoding Lal and the control 7A strain
were each cultivated at 25° C. for 24 hours on LB agar
medium (containing 100 pg/ml ampicillin for the modified
E. coli 7A strains harboring the gene encoding Lal). The F.
coli TA strains harboring gene encoding [Lal and the control
7A strain were inoculated into 20 mL of a MS medium
supplemented with 100 mM L-Asp and 100 mM L-Phe in
500 mL Sakaguchi flask and cultivated at 25° C. for 32 hours
on a reciprocal shaker at 120 rpm. The resulting culture was
centrifuged to obtain a culture supernatant. Accumulated
Asp-Phe in the culture supernatant was analyzed by HPLC.
The results are shown in Table 11.

TABLE 11
E. coli strain Asp-Phe (mM)
TA strain 0
7A strain/pSF12-¢cBBR 0.20
7A strain/pSF12-¢STA 0.24

As it can be seen from Table 11, Asp-Phe was not
produced by use of the 7A strain, whereas Asp-Phe was
produced by use of 7A strains harbouring gene encoding Lal.

Example 13

Evaluation of Asp-Phe productivity by E. coli
9A/pPMGAL1/pHSG-cLal

13.1. Construction of Both tyrR and tyrA-Deficient E. coli
7A Strain

First, to derepress the synthesis of enzymes involved in
the biosynthesis of aromatic amino acids, the tyrR gene was
deleted in the E. coli IM109 (pepD:: hattB, pepE:: AattB,
iadA:: AattB, pepA:: AattB, pepB:: AattB, iaaA:: hattB, dpp::
AattB) strain. A DNA fragment bearing the Aattl.-cat-AattR
cassette was PCR amplified using the primers P29 (SEQ ID
NO: 56) and P30 (SEQ ID NO: 57), and the pMW118-
Aattl-cat-AattR plasmid as the template. The resulting DNA
fragment was introduced into the E. coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: hattB, pepA:: AattB, pepB:
AattB, iaaA:: AattB, dpp:: AattB)/pKD46 strain as described
in Example 11.1. The Ce-marker was excised from the F.
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coli IM109 (pepD:: hattB, pepE:: AattB, iadA:: AttB, pepA::
AattB, pepB:: AattB, iaaA:: AattB, dpp:: AattB, tyrR:: AattR-
cat-Aattl) transformant to construct the E. coli IM109
(pepD:: AattB, pepE:: AattB, iadA:: AattB, pepA:: hattB,
pepB:: AattB, iaaA:: hattB, dpp:: AattB, tyrR:: AattB) strain.

Next, the tyrA gene was deleted in the E. coli IM109
(pepD:: AattB, pepE:: AattB, iadA:: AattB, pepA:: hattB,
pepB:: AattB, iaaA:: AattB, dpp:: AattB, tyrR:: hattB) strain
so that a prephenate, the common intermediate in the bio-
synthesis of Phe and Tyr, wouldn’t be utilized for Tyr
biosynthesis. A DNA fragment bearing the Aattl.-cat-AattR
cassette was PCR amplified using the primers P31 (SEQ ID
NO: 58) and P32 (SEQ ID NO: 59), and the pMW118-
Aattl-cat-AattR plasmid as the template. The resulting DNA
fragment was introduced into the E. coli IM109 (pepD::
AattB, pepE:: AattB, iadA:: hattB, pepA:: AattB, pepB::
AattB, iaaA:: AattB, dpp:: AattB, tyrR:: hattB)/pKD46 strain
as described above. The Cm”-marker was excised from the
E. coli IM109 (pepD:: hattB, pepE:: AattB, iadA:: hattB,
pepA:: hattB, pepB:: hattB, iaaA:: AattB, dpp:: AattB, tyrR::
AattB, tyrA:: AattR-cat-Aattl) transformant to construct the
E. coli IM109 (pepD:: hattB, pepE:: AattB, iadA:: hattB,
pepA:: hattB, pepB:: hattB, iaaA:: AattB, dpp:: AattB, tyrR::
AattB, tyrA:: AattB) strain.

13.2. Construction of pHSG-cBBR and pHSG-cSTA

To construct the pHSG-cBBR plasmid, the corresponding
EcoRI—Sphl fragment containing of the rpoH promoter and
BBR47_51900 gene of the pSF12-cBBR plasmid were
excised by digestion with EcoRI and Sphl and then ligated
with the pHSG396 vector (TaKaRa) digested by the same
restrictases.

To construct the pHSG-cSTA, a DNA fragment bearing
Staur_4851 under the rpoH promoter was PCR amplified
using the primers P33 (SEQ ID NO:60) and P34 (SEQ ID
NO:61), and the pSF12-cSTA plasmid as the template. The
PCR was carried out using the following step program: 98°
C., 30 seconds; (98° C., 15 seconds; 58° C., 10 seconds; 72°
C., 1 minute)x30 cycles; 72° C., 5 minutes with 50 pl. of a
reaction mixture comprising 0.04 pg of the plasmid DNA,
0.2 umol/L. each of the primers, 1.0 unit of Phusion High-
Fidelity DNA Polymerase (New England Labs), 10 uL of 5x
Phusion HF buffer and 0.2 mmol/L each dNTPs. Then 1.5 kb
fragment digested by BamHI and Xhol was ligated with
pHSG396 vector digested by the same restrictases.

13.3. Transformation of pMGAL1 and pHSG-cLal vectors
into E. coli 9A Strain

PMGALI1 vector was constructed from pMW19 (Wako)
and harbours three genes involved in Phe biosynthesis in E.
coli; pheA, aroG4 and arol. encoding chorismate mutase-
prephenate dehydratase (CM-PD), 3-deoxy-D-arabinohep-
tulosonate-7-phosphate synthetase (DAHP synthetase) and
shikimate kinase (SK), respectively (JP3225597). Each of
pheA and aroG4 genes was mutated from the corresponding
original genes to avoid negative feedback by Phe biosyn-
thesized.

pPMGAL1 and pHSG-cLal vector was simultaneously
introduced into E. coli 9A strain by electroporation method
using LB agar medium containing 100 pg/ml ampicillin and
25 pg/mL chloramphenicol. Thus obtained strain was named
E. coli 9A/pMGAL1/pHSG-cLal.

13.4. Fermentative Production of Asp-Phe by E. coli 9A/pM-
GAL1/pHSG-cLal

The modified E. coli 9A/pMGAL1/pHSG-cLal and the
control 9A strain/pMGAL1 were each cultivated at 25° C.
for 24 hours on LB agar medium (containing 100 pg/ml
ampicillin and 25 pg/ml chloramphenicol for the E. cofi
9A/pPMGAL1/pHSG-cLal). The E. coli 9IA/pMGAL1/pHSG-



US 9,428,783 B2

45
cLal and the control 9A/pMGAL1 strain were inoculated
into 20 mL of a MS medium supplemented with 100 mM
L-Asp in 500 mL Sakaguchi flask and cultivated at 25° C.
for 72 hours on a reciprocal shaker at 120 rpm. The resulting
culture was centrifuged to obtain a culture supernatant.
Accumulated Phe and Asp-Phe in the culture supernatant
was analyzed by HPLC. The results are shown in Table 12.

TABLE 12
E. coli strain Phe (mM) Asp-Phe (mM)
9D/pMGAL1L 244 n.d.
9D/pMGAL1/pHSG2-cBBR 214 0.003
9D/pMGAL1/pHSG2-cSTA 255 0.0006

As it can be seen from Table 12, Asp-Phe was not
produced by use of the 9A/pMGAL1 strain, whereas Asp-
Phe was produced by use of 9A/pMGAL1 strains harboring
gene encoding Lal.

Example 14
Analysis of Substrate Specificity of DES

14.1. Construction of the pELAC-MBP-DES-HT Plasmid
14.1.1. Construction of the Ancillary Plasmid pELAC

The <PlacUV5> DNA-fragment was PCR-amplified
using oligoprimers P35 (SEQ ID NO:62), P36 (SEQ ID
NO:63), and DNA of pUC18 plasmid (GenBank: [.L08752.1)
as a template.

Resulting DNA fragment was digested by Bglll and Xbal
and cloned into pET22(b+) plasmid (Novagen, Cat. No.
69744-3) digested by the same endonucleases thus con-
structing the pELAC plasmid.

14.1.2. Construction of the Ancillary Plasmid pELAC-MBP-
HT

The malE gene (without signal peptide sequence) was
PCR-amplified using oligoprimers P37 (SEQ ID NO:64),
P38 (SEQ ID NO:65), and E. coli MG1655 chromosome as
a template. Obtained DNA-fragment was digested by Xbal
and BamHI and cloned into pELAC-/Xbal-BamRI vector
thus constructing pELAC-MBP-HT plasmid.

14.1.3. Construction of the pELAC-MBP-DES-HT Plasmid

To construct the pELAC-MBP-DES-HT plasmid, we
amplified DNA fragment containing DES gene by using
oligoprimers P39 (SEQ ID NO:66), P40 (SEQ ID NO:67),
and DNA of pUC57-DES (described in dipeptide patent
application) as a template. Obtained DNA fragment was
digested with BamHI and Notl and ligated with pELAC-
MBP-HT/BamHI-NotI vector thus constructing the pELAC-
MBP-DES-HT plasmid.

14.2. Expression and Purification of MBP Fusion hisg-
Tagged DES

Cells of E. coli 7A harboring pELAC-MBP-DES-HT was
grown in LB medium containing 100 pg/ml ampicillin in a
test tube at 37° C. up to ODg,q,,,~2. 2 mL of the resulting
culture was inoculated into 100 mL of LB medium supple-
mented with IPTG (final concentration of 0.1 mmol/L) in a
500 ml Sakaguchi flask at 30° C., for 8 hours. Induced cells
were harvested from 1.6 L of cultivation broth, re-suspended
in 200-240 mL of HT-II buffer (50 mM Tris-HCL, pH 8.0,
0.3 M NaCl, 10 mM imidazole, 15% glycerol), and soni-
cated using sonicator (INSONATOR 201M, KUBOTA). The
debris was removed by centrifugation at 4° C. and 14,000
rpm for 15 minutes followed by filtration through 0.45 mm
filter (Millipore). A solution of crude proteins was loaded
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onto HisTALON Superflow cartridge, 5 ml (Clontech) using
AKTA avant 25 (GE Healthcare) in accordance with the
manufacturer’s recommendations. Fractions containing
MBP fused His6-tagged DES were combined, and desalted
using PD-10 columns (GE Healthcare) equilibrated with
SC-buffer (50 mM Tris-HCI1, pHS8.0, 0.3 M NaCl, 15%
glycerol).
14.3. Analysis of Asp-Phe Synthesizing Activity of MBP
Fused His6-Tagged DES

Dipeptides synthesized by MBP fused Hiss-tagged DES
were determined using HPLC analysis of reaction mixture of
total volume of 400 pL., which contained:

DES 160 pg

Tris-HCI, pH 9.0 50 mM
L-Asp 100 mM
L-Phe 100 mM
Adenosine 5'-triphosphate (ATP) 10 mM
MgSO,4x7H,O 10 mM,

where Me denote methyl group.

Reactions were carried out at 37° C. for 15 hours. Then
the reaction mixture, into which 10 ul of 1 M EDTA, pH9.0
was added to stop the enzymatic reaction, was subjected to
HPLC analysis. The conditions were as described in
Example 4. As a result, DES catalyzes formation of 0.30
mM Asp-Phe.

While the invention has been described in detail with
reference to preferred embodiments thereof, it will be appar-
ent to the one skilled in the art that various changes can be
made, and equivalents employed, without departing from the
scope of the invention. All the cited references herein are
incorporated as a part of this application by reference.

Where a numerical limit or range is stated herein, the
endpoints are included. Also, all values and subranges
within a numerical limit or range are specifically included as
if explicitly written out.

As used herein the words “a” and “an” and the like carry
the meaning of “one or more.”

DESCRIPTION OF SEQUENCES

SEQ ID NO:1 shows the BBR47_51900 gene

SEQ ID NO:2 shows the BBR47_51900 protein

SEQ ID NO:3 shows the Staur_4851 gene

SEQ ID NO:4 shows the Staur_4851 protein

SEQ ID NO:5 shows the DES gene

SEQ ID NO:6 shows the DES protein

SEQ ID NO:7 shows the BUR gene

SEQ ID NO:8 shows the BUR protein

SEQ ID NO:9 shows the BCE gene

SEQ ID NO:10 shows the BCE protein

SEQ ID NO:11 shows the BTH gene

SEQ ID NO:12 shows the BTH protein

SEQ ID NO:13 shows the AME gene

SEQ ID NO:14 shows the AME protein

SEQ ID NO:15 shows the SFL gene

SEQ ID NO:16 shows the SFL protein

SEQ ID NO:17 shows the BMY gene

SEQ ID NO:18 shows the BMY protein

SEQ ID NO:19 shows the Xbal-EcoRI fragment harboring
BBR47_51900

SEQ ID NO:20 shows the Xbal-EcoRI fragment harboring

Staur_4851

SEQ ID NO:21 shows the Xbal-EcoRI fragment harboring
DES
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SEQ ID NO:22 shows the Xbal-EcoRI fragment harboring
BUR

SEQ ID NO:23 shows the Xbal-EcoRI fragment harboring
BCE

SEQ ID NO:24 shows the Xbal-EcoRI fragment harboring
BTH

SEQ ID NO:25 shows the Xbal-EcoRI fragment harboring
AME

SEQ ID NO:26 shows the Xbal-EcoRI fragment harboring
SFL

SEQ ID NO:27 shows the Xbal-EcoRI fragment harboring
BMY

SEQ ID NO:28 shows the Primer P1

SEQ ID NO:29 shows the Primer P2

SEQ ID NO:30 shows the Primer P3

SEQ ID NO:31 shows the Primer P4

SEQ ID NO:32 shows the Primer P5

SEQ ID NO:33 shows the Primer P6

SEQ ID NO:34 shows the Primer P7

SEQ ID NO:35 shows the Primer P8

SEQ ID NO:36 shows the Primer P9

SEQ ID NO:37 shows the Primer P10

SEQ ID NO:38 shows the Primer P11

SEQ ID NO:39 shows the Primer P12

SEQ ID NO:40 shows the Primer P13

SEQ ID NO:41 shows the Primer P14

SEQ ID NO:42 shows the Primer P15

SEQ ID NO:43 shows the Primer P16
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SEQ ID NO:44 shows the Primer P17

SEQ ID NO:45 shows the Primer P18

SEQ ID NO:46 shows the Primer P19

SEQ ID NO:47 shows the Primer P20

SEQ ID NO:48 shows the Primer P21

SEQ ID NO:49 shows the Primer P22

SEQ ID NO:50 shows the Primer P23

SEQ ID NO:51 shows the Primer P24

SEQ ID NO:52 shows the Primer P25

SEQ ID NO:53 shows the Primer P26

SEQ ID NO:54 shows the Primer P27

SEQ ID NO:55 shows the Primer P28

SEQ ID NO:56 shows the Primer P29

SEQ ID NO:57 shows the Primer P30

SEQ ID NO:58 shows the Primer P31

SEQ ID NO:59 shows the Primer P32

SEQ ID NO:60 shows the Primer P33

SEQ ID NO:61 shows the Primer P34

SEQ ID NO:62 shows the Primer P35

SEQ ID NO:63 shows the Primer P36

SEQ ID NO:64 shows the Primer P37

SEQ ID NO:65 shows the Primer P38

SEQ ID NO:66 shows the Primer P39

SEQ ID NO:67 shows the Primer P40

SEQ ID NO:68 shows the optimized gene encoding
BBR47_51900 from Brevibacillus brevis NBRC 100599
SEQ ID NO:69 shows the optimized gene encoding

Staur_4851 from Stigmatella aurantiaca

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 69

<210> SEQ ID NO 1

<211> LENGTH: 1257

<212> TYPE: DNA

<213> ORGANISM: Brevibacillus brevis NBRC 100599

<400> SEQUENCE: 1

atgaacaaac actttctgtt cgttgaageg aatacgacgyg ggacaggtat gctcgetatg 60
aaaaaggcgce gtaaattggg gtttacaccce gtatttttca cagagaagcc tgaacgttac 120
cacggtttga atgagttgga atgtcatgta gtecgtgacag acacgaattc ccaggcagag 180
ctgactgaca gtgtagcaca agtgagtaag gaaggcagag agatagccgg aatcatgtcg 240
acaagcgact attacctcga atcggttgec aagetggcece ggaaattcgg ttggataage 300
aattcgetgg aggcaattga ggectgccge aataaagcga tatttegcega gaagcttcag 360
aggcatcaag tgtctcagec tacatttttg gcaataagcet ctatggagca attgctggaa 420
gegegetett ccatttetet gecctgegtyg gtgaagecceyg ctgacgatag cgggtccaat 480
aacgtgegge tgtgctttag ctgggatgaa gtggagcata tggcagcgga aatccttgec 540
atcaagtaca atgcgcgegg tcaggaaaca gctcggacag ttcettetcega gcagtatgece 600
gagggccctyg aatttagcegt ggagacgttt tcatggcaag ggcaatgett tgttatcgge 660
attacccaga aacggttaac gggatatcca tttttcegtgg aagcagggca tattttccct 720
gcaccgttgt ccgtagaaga gaaacaggag atcgagcgaa cagtggaaag ggcattageg 780
gcggtgaagt accagttcegg tgctgeccat acggaagtga agtggacatc agcaggttgt 840
gttgtcatceyg aagtcaacgc aaggcttgcc ggaggaatga ttccagaget ggttcegcecga 900
tccacgggga ttgatctget tttgcaacag atteggtgtyg cggetggact tgagccagaa 960
ttgtctcaaa ccatcgaaga gcaacgctgt gcaggcattc attttctegt gtctgagagt 1020
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-continued

cagggcacct ttggcgggat aaagggaatg gataccgttc gcaacctgcce ggggattgcet 1080
gaagtggcga ttcatgcgaa aatcggacaa aacgtccagce ctccgcaaaa tttttcegeat 1140
cgtctegget atgtcatcegt ggaaggcaag cattacagtg agaccgctga gttgatcgag 1200
caggtgaaag acagcctgag tgtacaagta ggtcaacaat tggagagtgg ggtatga 1257
<210> SEQ ID NO 2

<211> LENGTH: 418

<212> TYPE: PRT

<213> ORGANISM: Brevibacillus brevis NBRC 100599

<400> SEQUENCE: 2

Met Asn Lys His Phe Leu Phe Val Glu Ala Asn Thr Thr Gly Thr Gly
1 5 10 15

Met Leu Ala Met Lys Lys Ala Arg Lys Leu Gly Phe Thr Pro Val Phe
20 25 30

Phe Thr Glu Lys Pro Glu Arg Tyr His Gly Leu Asn Glu Leu Glu Cys
35 40 45

His Val Val Val Thr Asp Thr Asn Ser Gln Ala Glu Leu Thr Asp Ser
50 55 60

Val Ala Gln Val Ser Lys Glu Gly Arg Glu Ile Ala Gly Ile Met Ser
65 70 75 80

Thr Ser Asp Tyr Tyr Leu Glu Ser Val Ala Lys Leu Ala Arg Lys Phe
85 90 95

Gly Trp Ile Ser Asn Ser Leu Glu Ala Ile Glu Ala Cys Arg Asn Lys
100 105 110

Ala Ile Phe Arg Glu Lys Leu Gln Arg His Gln Val Ser Gln Pro Thr
115 120 125

Phe Leu Ala Ile Ser Ser Met Glu Gln Leu Leu Glu Ala Arg Ser Ser
130 135 140

Ile Ser Leu Pro Cys Val Val Lys Pro Ala Asp Asp Ser Gly Ser Asn
145 150 155 160

Asn Val Arg Leu Cys Phe Ser Trp Asp Glu Val Glu His Met Ala Ala
165 170 175

Glu Ile Leu Ala Ile Lys Tyr Asn Ala Arg Gly Gln Glu Thr Ala Arg
180 185 190

Thr Val Leu Leu Glu Gln Tyr Ala Glu Gly Pro Glu Phe Ser Val Glu
195 200 205

Thr Phe Ser Trp Gln Gly Gln Cys Phe Val Ile Gly Ile Thr Gln Lys
210 215 220

Arg Leu Thr Gly Tyr Pro Phe Phe Val Glu Ala Gly His Ile Phe Pro
225 230 235 240

Ala Pro Leu Ser Val Glu Glu Lys Gln Glu Ile Glu Arg Thr Val Glu
245 250 255

Arg Ala Leu Ala Ala Val Lys Tyr Gln Phe Gly Ala Ala His Thr Glu
260 265 270

Val Lys Trp Thr Ser Ala Gly Cys Val Val Ile Glu Val Asn Ala Arg
275 280 285

Leu Ala Gly Gly Met Ile Pro Glu Leu Val Arg Arg Ser Thr Gly Ile
290 295 300

Asp Leu Leu Leu Gln Gln Ile Arg Cys Ala Ala Gly Leu Glu Pro Glu
305 310 315 320

Leu Ser Gln Thr Ile Glu Glu Gln Arg Cys Ala Gly Ile His Phe Leu
325 330 335
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Val Ser Glu
Val Arg Asn
355

Gly Gln Asn
370

Val Ile Val

Gln Val Lys

Gly Val

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Gln Gly Thr Phe

340

Leu Pro Gly Ile Ala

360

Val Gln Pro Pro Gln

375

Glu Gly Lys His Tyr
390

Asp Ser Leu Ser Val

405
D NO 3
H: 1254

DNA

Gly Gly Ile
345

Glu Val Ala

Asn Phe Ser

Ser Glu Thr
395

Gln Val Gly
410

Lys Gly Met
350

Ile His Ala
365

His Arg Leu
380

Ala Glu Leu

Gln Gln Leu

<213> ORGANISM: Stigmatella aurantiaca DW4/3-1

<400> SEQUENCE: 3

gtgaatcaat

cggctgctgg

ttcectggtygy

geggecgtgg

accttcteca

tacctecage

c¢gegeggegy

cagctegece

acgggggtge

tcecegegecy

ctggaggggce

ctcggggtga

ttcceggegy

ctcgeggegyg

gggccggtca

cggetgteca

gtggacctga

ceceggegtge

caggtggccg

cggctgggct

agggcgctgt

<210> SEQ I

<211> LENGT.
<212> TYPE:

tegttttegt

cccagggega

gcaacaaggc

aggcctgtgt

ccttetatgt

ctegegegge

ggCthCng

agacggtgcg

ggcgggtgga

ccaacgageg

cggagttcag

cccagaagta

acctgeegec

tgggctttga

tcatcgagat

ccggcgtgga

cgcacacgeg

tggCgCgCgt

tggacaaggc

atgtcatcge

cgetgetecyg

D NO 4

H: 417
PRT

cgagagcaac

gcaggtgacg

CCngggCtg

cgatgggctg

geccacggty

ccaggettge

gectgagtte

cttteegtgt

cacacccgag

cggecagtec

cgtggagacg

cctetecgeyg

c¢gageggegy

ctteggeceyg

caacceeagyg

tctgeteteg

ccaggatgtyg

dgagggcecag

dgcggggacce

cagcgggecc

ggtcgagcaa

accacgggga

ttcatcaccc

aaggtgttga

gtgcgggagy

geggecateg

cacaacaagc

cacgtcateg

gtggtgaage

gagectgeteg

tthanggg

atgacgctygg

cecgecgtact

cgggegetgg

geccacacgg

ctggegggag

gcgatgetgg

gectgtatee

gacgaggect

cggetgegec

gagcgeggac

geegegeect

nggCngCt

accagccaga

aggtggagac

ggaaggtggce

cggcgcggca

acgaggcegeg

cctecgagge

ctcececgecga

cgcactteeg

aagtgctegt

ccgatggeac

tcgtggagat

aggaggccgt

agatcegett

ggatgattce

atcaaatgct

gcettcatcac

CCngCtggg

cgcccgagag

aggtgcttgg

cggeceegge

<213> ORGANISM: Stigmatella aurantiaca DW4/3-1

<400> SEQUENCE: 4

Asp Thr

Lys Ile

Gly Tyr

Ile Glu

400

Glu Ser
415

ggccgtggag
gaagtaccce
caacgacgcg
ggcgetgete
cggectgege
ggcectgetyg
cgaggceggeg
gageggcage
ctcectgeac
ggagtcatte
cacgcacgty
ggggcatgac
getegegggy
cacgcecgeg
ggagctggtg
ggggeggece
ctcggagegt
caccgteegyg
cgcgacggac
cgacgeggeg

gtga

Met Asn Gln Phe Val Phe Val Glu Ser Asn Thr Thr Gly Thr Gly Arg

1

5

10

15

Leu Ala Val Glu Arg Leu Leu Ala Gln Gly Glu Gln Val Thr Phe Ile

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1254
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-continued

54

Thr

Gly

Ala

65

Thr

Lys

Glu

Thr

145

Thr

Arg

Gly

Glu

Gln

225

Phe

Thr

Pro

Gly
305

Thr

Ala

Gly

385

Arg

Ala

His

Leu

50

Cys

Phe

Gly

His

Phe

130

Val

Gly

Ser

Glu

Thr

210

Lys

Pro

Leu

Glu

Arg

290

Val

Asp

Ser

Ser

Thr
370

Ile

Ala

Gln

35

Lys

Val

Ser

Leu

Glu

115

His

Arg

Val

Leu

Val

195

Met

Tyr

Ala

Ala

Ile

275

Leu

Asp

Leu

Glu

Arg

355

Arg

Ala

Leu

20

Pro

Val

Asp

Thr

Arg

100

Ala

Val

Phe

Arg

His

180

Leu

Thr

Leu

Asp

Gly

260

Arg

Ala

Leu

Thr

Arg

340

Leu

Leu

Ser

Ser

Glu

Leu

Gly

Phe

85

Tyr

Arg

Ile

Pro

Arg

165

Ser

Val

Leu

Ser

Leu

245

Leu

Phe

Gly

Leu

His

325

Pro

Gly

Arg

Gly

Leu
405

<210> SEQ ID NO 5

<211> LENGTH:

1227

Lys

Lys

Leu

70

Tyr

Leu

Ala

Ala

Cys

150

Val

Arg

Glu

Ala

Ala

230

Pro

Ala

Thr

Gly

Ser

310

Thr

Gly

Thr

Pro

Pro
390

Leu

Tyr

Val

55

Val

Val

Gln

Leu

Ser

135

Val

Asp

Ala

Ser

Asp

215

Pro

Pro

Ala

Pro

Met

295

Ala

Arg

Val

Val

Pro
375

Glu

Arg

Pro

40

Glu

Arg

Pro

Pro

Leu

120

Glu

Val

Thr

Ala

Phe

200

Gly

Pro

Glu

Val

Ala

280

Ile

Met

Gln

Leu

Arg

360

Glu

Arg

Val

25

Phe

Thr

Glu

Thr

Arg

105

Arg

Ala

Lys

Pro

Asn

185

Leu

Thr

Tyr

Arg

Gly

265

Gly

Pro

Leu

Asp

Ala

345

Gln

Ser

Gly

Glu

Leu

Asn

Gly

Val

Ala

Ala

Glu

Pro

Glu

170

Glu

Glu

Thr

Phe

Arg

250

Phe

Pro

Glu

Asp

Val

330

Arg

Val

Ala

Gln

Gln
410

Val

Asp

Lys

75

Ala

Ala

Ala

Ala

Pro

155

Glu

Arg

Gly

His

Val

235

Arg

Asp

Val

Leu

Gln

315

Ala

Val

Ala

Thr

Val
395

Ala

Gly

Ala

60

Val

Ala

Gln

Gly

Ala

140

Ala

Leu

Gly

Pro

Val

220

Glu

Ala

Phe

Ile

Val

300

Met

Cys

Glu

Val

Asp

380

Leu

Ala

Asn

45

Ala

Ala

Ile

Ala

Leu

125

Gln

Glu

Leu

Gln

Glu

205

Leu

Met

Leu

Gly

Ile

285

Arg

Leu

Ile

Gly

Asp

365

Arg

Gly

Pro

30

Lys

Ala

Ala

Ala

Cys

110

Pro

Leu

Ser

Ala

Ser

190

Phe

Gly

Gly

Glu

Pro

270

Glu

Leu

Gly

Arg

Gln

350

Lys

Leu

Asp

Ser

Ala

Val

Leu

Ala

His

Gly

Ala

Gly

His

175

Leu

Ser

Val

His

Glu

255

Ala

Ile

Ser

Arg

Phe

335

Asp

Ala

Gly

Ala

Ala
415

Pro

Glu

Leu

80

Arg

Asn

Pro

Gln

Ser

160

Phe

His

Val

Thr

Asp

240

Ala

His

Asn

Thr

Pro

320

Ile

Glu

Ala

Tyr

Ala
400

Pro
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<212> TYPE: DNA
<213> ORGANISM: Desmospora sp. 8437
<400> SEQUENCE: 5
ttgaagaaaa aactgctatt cgttgaagga aacaccacgg gaacggggat attggccctt 60
gaaaaggcga gaaagctcgg ttatgagccg gtattectga cgcaagaggce gagtcegttat 120
gatggactte cggaggcgaa gtgccgtgtce catgtgactg ttacggattc gatccatgaa 180
ctgaaacgtt gtgtatcgca ggaaaaggcg gaagcggteg ccegggatttt aacgacaagt 240
gattattatc tggagatctc cgcaaagctg gtacaggaat tggggctgac aggcaactceg 300
ccgecaggega tccatttgtg ccggaacaaa gecactgtate gtgaaaaact ccgctccaaa 360
agtgtgccege agcccaactt ccatatcatt cgetccatgg aggatctgeg ggaaactcegt 420
gagtctgtte cactececttg tttggtgaag ccagctgacyg acagtggcetc aaacaacgtt 480
cgectatgtt tcagttgggg agaagtggaa caactgacat ccaaaattct taaaattgaa 540
cgcaatgcege gtgggcagaa gacatcgcaa accgtattge tggaagagta tattgaagge 600
ccggaataca gcegtggagat gttttcatgg caagggaagt caacctgcat cggaattact 660
gaaaaacagc tgaccggata tccctatttt gtcgaatcceg gacatgtttt tecggcagtg 720
cttececactyg acgtacagca ggaaatcgaa aagacagtga aacagtcact ggaggcagte 780
cattttcagt ttggggcatc gcattcagaa gtgaagtgga caccgaatgg gtgtgtcatg 840
atcgaaacca acgcceggcet cgcaggggga atgataccgg aattggtacyg ccattcaace 900
ggggtggate tgattgagca acagatcctce tgcgcegcag gggtggetcec ccactggaag 960
caggttgtgc caacaggctg ttccggcatt cattttatcg ttgcagcgga ggcaggtcegce 1020
ctatccteceg tggacaacct ggaagceggtg cgaaaacttc cgggtgtgga agaaatgatg 1080
gtcaaagcgce aggtcggaca ggctgtacag ccaccaaaaa atttttecgga tcgtcecteggg 1140
catgtgattg tcagcggcaa gtcctatgaa gaggtggttg aacgcttaca caagatatcc 1200
aacatgattt ctttaaagat atcgtaa 1227
<210> SEQ ID NO 6
<211> LENGTH: 408
<212> TYPE: PRT
<213> ORGANISM: Desmospora sp. 8437
<400> SEQUENCE: 6
Met Lys Lys Lys Leu Leu Phe Val Glu Gly Asn Thr Thr Gly Thr Gly
1 5 10 15
Ile Leu Ala Leu Glu Lys Ala Arg Lys Leu Gly Tyr Glu Pro Val Phe
20 25 30
Leu Thr Gln Glu Ala Ser Arg Tyr Asp Gly Leu Pro Glu Ala Lys Cys
35 40 45
Arg Val His Val Thr Val Thr Asp Ser Ile His Glu Leu Lys Arg Cys
50 55 60
Val Ser Gln Glu Lys Ala Glu Ala Val Ala Gly Ile Leu Thr Thr Ser
65 70 75 80
Asp Tyr Tyr Leu Glu Ile Ser Ala Lys Leu Val Gln Glu Leu Gly Leu
85 90 95
Thr Gly Asn Ser Pro Gln Ala Ile His Leu Cys Arg Asn Lys Ala Leu
100 105 110
Tyr Arg Glu Lys Leu Arg Ser Lys Ser Val Pro Gln Pro Asn Phe His

115

120

125
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58

Ile Ile Arg
130

Leu Pro Cys
145

Arg Leu Cys

Leu Lys Ile

Leu Leu Glu

195

Ser Trp Gln
210

Thr Gly Tyr
225

Leu Pro Thr

Leu Glu Ala

Trp Thr Pro

275

Gly Gly Met
290

Ile Glu Gln
305

Gln Val Val

Glu Ala Gly

Leu Pro Gly

355

Val Gln Pro
370

Ser Gly Lys
385

Asn Met Ile

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ser Met Glu Asp Leu

135

Leu Val Lys Pro Ala
150

Phe Ser Trp Gly Glu

165

Glu Arg Asn Ala Arg

180

Glu Tyr Ile Glu Gly

200

Gly Lys Ser Thr Cys

215

Pro Tyr Phe Val Glu
230

Asp Val Gln Gln Glu

245

Val His Phe Gln Phe

260

Asn Gly Cys Val Met

280

Ile Pro Glu Leu Val

295

Gln Ile Leu Cys Ala
310

Pro Thr Gly Cys Ser

325

Arg Leu Ser Ser Val

340

Val Glu Glu Met Met

360

Pro Lys Asn Phe Ser

375

Ser Tyr Glu Glu Val
390

Ser Leu Lys Ile Ser

405
D NO 7
H: 2685

DNA

Arg

Asp

Val

Gly

185

Pro

Ile

Ser

Ile

Gly

265

Ile

Arg

Ala

Gly

Asp

345

Val

Asp

Val

Glu

Asp

Glu

170

Gln

Glu

Gly

Gly

Glu

250

Ala

Glu

His

Gly

Ile

330

Asn

Lys

Arg

Glu

Thr

Ser

155

Gln

Lys

Tyr

Ile

His

235

Lys

Ser

Thr

Ser

Val

315

His

Leu

Ala

Leu

Arg
395

Arg Glu Ser
140

Gly Ser Asn

Leu Thr Ser

Thr Ser Gln

190

Ser Val Glu
205

Thr Glu Lys
220

Val Phe Pro

Thr Val Lys

His Ser Glu

270

Asn Ala Arg
285

Thr Gly Val
300

Ala Pro His

Phe Ile Val

Glu Ala Val

350

Gln Val Gly
365

Gly His Val
380

Leu His Lys

<213> ORGANISM: Burkholderia pseudomallei 305

<400> SEQUENCE: 7

atgaagacct

aaagcgcetge

ttcectgcagy

gecgatgeac

atcgaaaccyg

atccgeacct

gtggccgaca

acgtatcege

cggacgccgyg

tcgtatteat

tgcgeggett

aagagatggt

ttgcgeegta

cegegacggt

gecgegacaa

ctgagatcgt

gegtgetgaa

ccgaaatget

cgaaagcaac

cgacgtgetyg

cgtgecegete

tgcgggcatce

ggccacgege

gggceggetyg

gtcegagege

geeggegtte

cgegcacgge

accaccggea

ttcgtcacga

gtcgecgaca

gecgggatet

ctgggettge

caccgecged

acgcaactge

ggctceggcea

gagegcatge

ceggeegget

geeggecgea

cggecgatee

tctegacgte

c¢cgeggegga

tgcgcgacge

gegacctgge

gegteggegt

tcgacgegeyg

Val Pro

Asn Val
160

Lys Ile
175

Thr Val

Met Phe

Gln Leu

Ala Val
240

Gln Ser
255

Val Lys

Leu Ala

Asp Leu

Trp Lys
320

Ala Ala
335

Arg Lys

Gln Ala

Ile Val

Ile Ser
400

ctgtctgeaa
gcetetateeg
gcagcggate
cgagtactac
tecggaggeyg
gggcgtcegge
gecacggegece
geggetegtyg

cggcaacgag

60

120

180

240

300

360

420

480

540
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-continued

60

cgeggeateg cgctegegeg

tcggtegaag tegteggget

aagcaccteg ggccgetgec

geggeegege agegegatge

caccgetteg ggccegecca

gagatcaatc cgegtctege

gtcgacgtge teggegegat

cgecagecgeyg gecacgaegyge

gegetgtegt tegageccga

aagcagcttyg gccagegeat

atcgegteeg cggecgatcee

gtgacggttyg cgatcggcga

cgecegeacge tgcatcegga

cggetegeeyg aactcgacge

gacgcgggaa tctgegaccyg

cgcgacgega aattegeege

tacgagcaac tgctcatcga

cgctegegea acgacatcaa

acgtgceggeyg gcaagetgtg

ctcgactgge cgttgeccac

tattacctgt ggtcggtega

gacgaggagc tcgcegtetg

atccgecegyg gegtgagege

gacgceggteg cgagecgega

acgacgctca gccggetege

ctegegetge cggacgaact

tacctgectgyg agatcgtcaa

gtgttegegt cgcagegcac

gegeegtgeg cggacgecegt

gtgagcggeg tgacgggtga

agcgcgacge aggtcgcecaa

catcggcaga tcggegeget

gegetegacyg cgetegtgeg

gCCtangCg gcgggcccgg

cggcagtegyg ccgaacgect

cggcgcgggt gcgtcgccga

<210> SEQ ID NO 8

<211> LENGTH: 894
<212> TYPE: PRT

gcaggtgete

c¢ggcgceggag

gcacttegte

gategtggee

tgtcgaatge

gggcggcatg

gatcgacctyg

gatccgette

cgagcgettt

cgagcegged

ggacgegete

cgccggcegceyg

ggCgCthCg

gttcgeggeg

dgcgegggcec

gatcgecgac

gegggteggy

cgegtgegte

gegegtgege

gtacagccag

gaccgegety

tcegetegge

ggcgetgete

tctegtgetyg

gcacgaccty

gagceggeggce

aggcaagctce

geegttcage

gecaggegtte

tceggegaag

cgcgetggtyg

gatcacgcag

gcagccgggce

¢geggeggge

gtggeggege

tctgetegeyg

gtgcaatcgt

cacggcecatg

gaagceggece

gagacgctge

cgcgtgageg

atcccgcagyg

cacgcgggea

gtgctgeccy

gegggggtge

ggcgacttee

gegeacgege

dcgggegagy

atcgtgcgea

atcgacgagg

gegacggtge

gegategege

atcgacgegyg

gcgaagetge

geggegateg

taccaggcgyg

cggegegace

gcgggegcegy

ggcttegege

catttecctygg

cagctetgga

tcgtegetga

gegeacgteg

aattcggteg

ggcgaaagcet

atgcgegegg

cgggaaacgg

gegetegacy

gecatcgatcg

geggggeteg

cgegeegegt

gcggeggcgy

tcgtegacgyg geceggaattt

cggtgctcgg cgtgacgggc

acgattttce ggcgccgate

gtgcgctcga cgcggtgggc

geggcaaggt cgtegtgate

cgatcgaatyg ggcgacggge

cgecegectga cctgggecceyg

cgcgeagegg cgagctgagg

gecacgegett catgecgete

gegacegtet cgegetegte

tcgaggacgt cgatcgetge

gegcaggege cggecggetg

agceggegee gegegecgag

cgcacctget gatgetegte

tcgeggaact cgcegeggeag

cgegeggeac ctacgcactg

ggggcgeggt gcatacggeg

gegeacgega gtggttegac

tcgacaagge gcagcacacg

cgcagecegg cagettegge

aggcggeget cgaacggete

gegegggeac cgattteceg

gcagcttega cagegegete

cegegatege gatcgeateg

cgatgegega gaccgactte

tgccgcagaa gaagaaccca

nggCgCgCt gaacgcggcyg

agatcggcac cgagatgcetce

gegatetget geggetgatg

cggcegagge ggggcetcgtg

acatcagcett tcacgccgeg

cgcacgagga ccceggecgeg

acgaagcggce cgcgeggete

cgegetegeyg cgegetgetyg

ggcacgcggce gcacgcgcecgyg

cctga

<213> ORGANISM: Burkholderia pseudomallei 305

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2685
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<400> SEQUENCE:

Met

1

Leu

Thr

Pro

Ala

65

Ile

Asp

Arg

Glu

145

Arg

Arg

Ser

Ala

Pro

225

Ala

Asp

Ser

Gly

Gly

305

Arg

Gly

Pro

Ala
385

Lys

Cys

Ser

Leu

50

Pro

Glu

Pro

Leu

Arg

130

Leu

Thr

Gly

Phe

Glu

210

Leu

Ala

Ala

Gly

Met

290

Ala

Arg

Glu

Arg

Ala
370

Asp

Thr

Thr

Leu

Arg

35

Val

Tyr

Thr

Glu

Arg

115

Thr

Lys

Pro

Asn

Val

195

His

Pro

Ala

Val

Gly

275

Ile

Met

Arg

Leu

Thr
355
Gly

Pro

Val

Phe

Gln

20

Pro

Ala

Ala

Ala

Ala

100

Asp

Gln

Pro

Ala

Glu

180

Asp

Gly

His

Gln

Gly

260

Lys

Pro

Ile

Gly

Arg

340

Arg

Asp

Asp

Ala

8

Val

Lys

Gln

Asp

Gly

Ala

85

Ile

Ala

Leu

Ala

Glu

165

Arg

Gly

His

Phe

Arg

245

His

Val

Gln

Asp

His

325

Ala

Phe

Phe

Ala

Ile
405

Phe

Ala

Leu

Thr

Ile

70

Thr

Arg

Gly

Arg

Phe

150

Met

Gly

Pro

Ala

Val

230

Asp

Arg

Val

Ala

Leu

310

Ala

Leu

Met

Arg

Leu
390

Gly

Ile

Leu

Tyr

Ala

55

Ala

Val

Thr

Val

Asp

135

Gly

Leu

Ile

Glu

Val

215

Glu

Ala

Phe

Val

Ile

295

His

Ala

Ser

Pro

Asp
375

Ala

Asp

Glu

Leu

Pro

40

Asp

Gly

Ala

Cys

Gly

120

Leu

Ser

Ala

Ala

Phe

200

Leu

Ala

Ile

Gly

Ile

280

Glu

Ala

Ile

Phe

Leu
360
Arg

His

Ala

Ser

Arg

25

Phe

Pro

Ile

Thr

Arg

105

Val

Ala

Gly

His

Leu

185

Ser

Gly

Gly

Val

Pro

265

Glu

Trp

Gly

Arg

Glu

345

Lys

Leu

Ala

Gly

Asn

10

Gly

Leu

Gln

Phe

Arg

90

Asp

Ala

His

Ser

Gly

170

Ala

Val

Val

His

Ala

250

Ala

Ile

Ala

Thr

Phe

330

Pro

Gln

Ala

Leu

Ala
410

Thr

Phe

Gln

Arg

Ser

75

Leu

Lys

Asp

Gly

Val

155

Glu

Arg

Glu

Thr

Asp

235

Glu

His

Asn

Thr

Pro

315

Val

Asp

Leu

Leu

Glu
395

Ala

Thr

Asp

Glu

Ile

Thr

Gly

Gly

Thr

Ala

140

Gly

Arg

Gln

Val

Gly

220

Phe

Thr

Val

Pro

Gly

300

Pro

Leu

Glu

Gly

Val
380

Asp

Gly

Gly

Val

Glu

45

Ala

Ser

Leu

Arg

Glu

125

Thr

Val

Met

Val

Val

205

Lys

Pro

Leu

Glu

Arg

285

Val

Asp

Pro

Arg

Gln
365
Ile

Val

Glu

Thr

Leu

30

Met

Asp

Glu

Pro

Leu

110

Ile

Tyr

Arg

Leu

Leu

190

Gly

His

Ala

Arg

Cys

270

Leu

Asp

Leu

Ala

Phe

350

Arg

Ala

Asp

Gly

Gly

15

Phe

Val

Ala

Tyr

Ala

95

His

Val

Pro

Leu

Asp

175

Val

Leu

Leu

Pro

Ala

255

Arg

Ala

Val

Gly

Arg

335

Ala

Ile

Ser

Arg

Ala
415

Arg

Val

Val

Leu

Tyr

80

Ala

Arg

Ser

Arg

Val

160

Ala

Gln

Gly

Gly

Ile

240

Leu

Val

Gly

Leu

Pro

320

Ser

Gly

Glu

Ala

Cys
400

Gly



63

US 9,428,783 B2

-continued

64

Ala

Arg

Ala

Cys

465

Arg

Thr

Ala

Cys

Lys

545

Leu

Gly

Asp

Leu

625

Asp

Ala

Trp

Gly

Ile

705

Thr

Ser

Ala

Asp

Gly

Lys

Ala

450

Asp

Asp

Tyr

Gly

Val

530

Leu

Asp

Ser

Gln

Gly

610

Ser

Ala

Ile

Thr

Gly

690

Val

Phe

Glu

Cys

Lys

770

Ala

Arg

Pro

Arg

Pro

435

Ile

Arg

Ala

Ala

Gly

515

Ala

Trp

Trp

Phe

Ala

595

Ala

Ala

Val

Ala

Met

675

Ser

Lys

Ala

Met

Asp

755

Met

Asn

Gln

Ala

Leu

420

Ala

Asp

Ala

Lys

Leu

500

Ala

Lys

Arg

Pro

Gly

580

Ala

Gly

Ala

Ala

Ser

660

Arg

Ser

Gly

Ser

Leu

740

Leu

Arg

Ala

Ile

Ala
820

Arg

Pro

Glu

Arg

Phe

485

Tyr

Val

Leu

Val

Leu

565

Tyr

Leu

Ala

Leu

Ser

645

Thr

Glu

Leu

Lys

Gln

725

Ala

Leu

Ala

Leu

Gly

805

Ala

Arg

Arg

Ala

Ala

470

Ala

Glu

His

Arg

Arg

550

Pro

Tyr

Glu

Gly

Leu

630

Arg

Thr

Thr

Met

Leu

710

Arg

Pro

Arg

Ala

Val
790

Ala

Leu

Thr

Ala

His

455

Ala

Ala

Gln

Thr

Ala

535

Ala

Thr

Leu

Arg

Ala

615

Gly

Asp

Leu

Asp

Pro

695

Ala

Thr

Cys

Leu

Ala
775
Arg

Leu

Asp

Leu

Glu

440

Leu

Thr

Ile

Leu

Ala

520

Arg

Ala

Tyr

Trp

Leu

600

Gly

Phe

Leu

Ser

Phe

680

Gln

His

Pro

Ala

Met

760

Glu

Glu

Ile

Ala

His

425

Arg

Leu

Val

Ala

Leu

505

Arg

Glu

Ile

Ser

Ser

585

Asp

Thr

Ala

Val

Arg

665

Leu

Lys

Val

Phe

Asp

745

Val

Ala

Thr

Thr

Leu
825

Pro

Leu

Met

Leu

Asp

490

Ile

Ser

Trp

Val

Gln

570

Val

Glu

Asp

Arg

Leu

650

Leu

Ala

Lys

Ala

Ser

730

Ala

Ser

Gly

Asp

Gln

810

Val

Glu

Ala

Leu

Ala

475

Ala

Glu

Arg

Phe

Asp

555

Tyr

Glu

Glu

Phe

Ser

635

His

Ala

Leu

Asn

Gly

715

Asn

Val

Gly

Leu

Ile
795

Ala

Arg

Ala

Glu

Val

460

Glu

Ile

Arg

Asn

Asp

540

Lys

Gln

Thr

Leu

Pro

620

Phe

Phe

His

Pro

Pro

700

Ala

Ser

Gln

Val

Val

780

Ser

Leu

Gln

Leu

Leu

445

Asp

Leu

Ala

Val

Asp

525

Thr

Ala

Ala

Ala

Ala

605

Ile

Asp

Leu

Asp

Asp

685

Tyr

Leu

Val

Ala

Thr

765

Ser

Phe

Asp

Pro

Ala

430

Asp

Ala

Ala

Pro

Gly

510

Ile

Cys

Gln

Ala

Leu

590

Val

Arg

Ser

Ala

Leu

670

Glu

Leu

Asn

Glu

Phe

750

Gly

Ala

His

Ala

Gly
830

Ile

Ala

Gly

Arg

Arg

495

Ile

Asn

Gly

His

Gln

575

Arg

Cys

Pro

Ala

Ala

655

Gln

Leu

Leu

Ala

Ile

735

Gly

Asp

Thr

Ala

His
815

Ala

Val

Phe

Ile

Gln

480

Gly

Asp

Ala

Gly

Thr

560

Pro

Arg

Pro

Gly

Leu

640

Ile

Leu

Ser

Glu

Ala

720

Gly

Glu

Pro

Gln

Ala
800

Glu

Ser
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Ile Asp Glu
835

Ala Gly Ala
850

Glu Arg Leu
865

Arg Arg Gly

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Ala Ala Arg Leu

840

Gly Leu Ala Arg Ser

855

Trp Arg Arg Arg Ala
870

Cys Val Ala Asp Leu

885
D NO 9
H: 1227

DNA

<213> ORGANISM: Bacillus cereus

<400> SEQUENCE: 9

ttgaagaaaa
gaaaaggcga
gatggacttce
ctgaaacgtt
gattattatc
cegcaggega
agtgtgecege
gagtctgtte
cgectatgtt
cgcaatgege
ccggaataca
gaaaaacagc
ctteecactyg
cattttcagt
atcgaaacca
ggggtggate
caggttgtge
ctatceteceg
gtcaaagcge
catgtgattg
aacatgattt
<210> SEQ I
<211> LENGT.

<212> TYPE:
<213> ORGAN

aactgctatt
gaaagctegyg
cggaggcgaa
gtgtatcgca
tggagatctce
tccatttgtyg
agcccaactt
cactcecttyg
tcagttgggy
gtgggcagaa
gegtggagat
tgaccggata
acgtacagca
ttggggcatce
acgccegget
tgattgagca
caacaggctyg
tggacaacct
aggtcggaca
tcagcggcaa
ctttaaagat
D NO 10

H: 393
PRT

cgttgaagga
ttatgagceg
gtgcegtgte
ggaaaaggcg
cgcaaagetyg
ccggaacaaa
ccatatcatt
tttggtgaag
agaagtggaa
gacatcgcaa
gttttcatgg
tcectatttt
ggaaatcgaa
gcattcagaa
cgcaggggga
acagatccte
ttceggeatt
ggaageggtyg
ggctgtacag
gtcctatgaa

atcgtaa

ISM: Bacillus cereus

<400> SEQUENCE: 10

Met Leu Ala
1

Leu Thr Gln

Arg Val Ile
35

Ile Arg Lys Ala Lys

5

Lys Lys Ser Leu Tyr

20

Glu Leu Asp Thr Asn

40

Ala Tyr Gly

Arg Ala Leu

Ala Trp His

875

Leu Ala Ala
890

AH621

aacaccacgg
gtattcctga
catgtgactg
gaagcggteg
gtacaggaat
gcactgtatce
cgctecatgyg
ccagctgacyg
caactgacat
accgtattge
caagggaagt
gtcgaatccyg
aagacagtga
gtgaagtgga
atgataccgg
tgcgcegeag
cattttatcg
cgaaaacttce

ccaccaaaaa

gaggtggttg

AH621

Gly Gly Pro
845

Leu Arg Gln
860

Ala Ala His

Ala Ala Ala

gaacggggat
cgcaagaggce
ttacggattce
ccgggatttt
tggggctgac
gtgaaaaact
aggatctgeg
acagtggcete
ccaaaattct
tggaagagta
caacctgeat
gacatgtttt
aacagtcact
caccgaatgg
aattggtacg
gggtggctece
ttgcagcgga
cgggtgtgga
atttttcgga

aacgcttaca

Gly Ala

Ser Ala

Ala Arg
880

attggececett
gagtcgttat
gatccatgaa
aacgacaagt
aggcaactcg
ccgetecaaa
ggaaactcgt
aaacaacgtt
taaaattgaa
tattgaaggce
cggaattact
tcceggcagty
ggaggcagte
gtgtgtcatg
ccattcaacc
ccactggaag
ggcaggtege
agaaatgatg
tegtetegygy

caagatatcc

Glu Leu Gly Tyr Glu Pro Ile Phe

10

15

His Gly Leu Ser Asp Leu Glu Cys

25

30

Ser Val Asp Ala Ile Lys His Tyr

45

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1227
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Ile Ile His Glu Lys Ile Glu Asp Ile Ala Gly Ile Leu Thr Thr Ser
50 55 60

Asp Tyr Tyr Leu Glu Thr Val Ala Glu Leu Val Gln Met Phe Arg Leu
65 70 75 80

Ser Gly Asn Thr His Gln Ala Ile Tyr Tyr Cys Arg Asn Lys Ala Met
85 90 95

Phe Arg Glu Lys Leu His Leu Glu Lys Val Leu Gln Pro Lys Phe His
100 105 110

Ile Val Gln Ser Ile Asp Ser Leu Gln Asn Ile Tyr Ser Ser Ile Gln
115 120 125

Phe Pro Cys Val Val Lys Pro Ala Asp Asp Ser Gly Ser Asn Asn Val
130 135 140

Arg Leu Cys Ser Asn Trp Glu Glu Val Glu Lys Ile Ala Thr Lys Ile
145 150 155 160

Leu Ala Asn Lys Tyr Asn Ala Arg Gly Gln Glu Lys Ala Asn Met Val
165 170 175

Leu Leu Glu Glu Tyr Ile Glu Gly Pro Glu Tyr Ser Val Glu Met Phe
180 185 190

Ser Trp Glu Gly Asn Ser Ile Cys Ile Gly Ile Thr Glu Lys Gln Leu
195 200 205

Thr Gly Phe Pro Tyr Phe Val Glu Ser Gly His Ile Phe Pro Val Glu
210 215 220

Leu Pro Lys Asp Val Gln Ser Glu Ile Glu Gln Thr Val Lys Cys Ala
225 230 235 240

Leu Gln Ala Val Asp Phe Arg Phe Gly Ala Ser His Ser Glu Val Lys
245 250 255

Trp Thr Ser Asn Gly Cys Val Val Ile Glu Val Asn Ala Arg Leu Ala
260 265 270

Gly Gly Met Ile Pro Glu Leu Val Arg His Ser Thr Gly Val Asp Leu
275 280 285

Leu Arg Gln Gln Val Leu Ser Ser Val Gly Val Ala Pro Glu Trp Lys
290 295 300

Glu Ile Glu Tyr Met Asn Tyr Ala Gly Ile His Phe Leu Thr Ala Lys
305 310 315 320

Lys Ser Gly Phe Leu Ser Thr Val Lys Gly Ile Glu Glu Val Arg Glu
325 330 335

Leu Ser Tyr Ile Glu Glu Leu Val Val Lys Ala Gln Val Gly Gln Pro
340 345 350

Val Asn Pro Pro Glu Asn Phe Ser His Arg Leu Gly His Val Met Val
355 360 365

Arg Gly Arg Thr Tyr Glu Glu Thr Val Leu Phe Leu Glu Glu Val Ala
370 375 380

Lys Lys Leu Glu Ile Gln Val Asn Asn
385 390

<210> SEQ ID NO 11

<211> LENGTH: 1254

<212> TYPE: DNA

<213> ORGANISM: Bacillus thuringiensis subsp. finitimus (strain YBT-020)
<400> SEQUENCE: 11

atgaagaaac tattatttat tgaatcaaac acaacgggaa ctggaatget agccttaata 60

aaagctagag agctaggttt tacaccagta ttgcttacga ataatccegg gcgatatata 120

ggtttaggag agacaaaatg tatagtttta gaatgcgata cgaacaactt aaattgtatt 180
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agaacaataa ttgattcaga attcgaagta ggtgaaataa aagctatcac aacaaccagt 240
gaattttata ttgaagtggt agctatttta gcaaaagagt taggcctgat tggtaatcct 300
atagatactg ttaaaaaatg tagaaataaa gcagaaatgc gtctgttact aaaagggata 360
gagaatattt atgaaccatg gttttatatt attgattctc ttgaaaagtt agagttggct 420
aaggataata taaaatttcc atgtgttgtt aaaccggttyg atgatagtgg ctctaataac 480
gtattgaagt gttattcata tgaagaagta aaaaggcata ctgaaaaaat tttgagcaat 540
aagtataatg tgaggtctca aaaaaatgct cagaatatat tggtggaaga gtatgtatct 600
gggcaagaat atagtgtgga aatttttact tacaatggta agtgtaaaat tgttggagtg 660
actcagaaga ttgtagatgg agctccatat tttattgaat gtggtcacat atttccggca 720
ccagtectetyg atgatataag atcagttatt gaaagaggag taacaaaaat tatagaaaaa 780
gttaattgge aaaacggtcce ttgtcattta gaaattaaga taaagggaga aaaaatattt 840
ttagtagagt ttaatggcag gcttgctggg gggatgatac cagaattaat taagtatgcet 900
accggaatag atttgcttaa agagcaatta aaagtcgtaa ctaggatgag gccaaaacta 960
gatcagaatc ctactttata tgcagggata cgatttatta taccacttag agatgggaaa 1020
ataacaagta tttttggagt aaatgatata gaaaacactg tagggattaa agaggtaaaa 1080
cttcgtacaa ttgtgggaga atctatccgg aaggttgaaa atgcgtatgg acggataggg 1140
catataattg gagcggctga aaatatcaat aagctaaatt atattttaga taaaagtatg 1200
gatgctttac atatagaaat agaggagtgt gaagactatg aagactttaa ttaa 1254

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 12
H: 417
PRT

ISM: Bacillus thuringiensis subsp. finitimus

<400> SEQUENCE: 12

Met Lys Lys
1

Leu Ala Leu

Thr Asn Asn
35

Val Leu Glu
50

Asp Ser Glu

Glu Phe Tyr

Ile Gly Asn

Met Arg Leu
115

Tyr Ile Ile
130

Lys Phe Pro
145

Val Leu Lys

Ile Leu Ser

Leu Leu Phe Ile Glu

Ile Lys Ala Arg Glu

Pro Gly Arg Tyr Ile

40

Cys Asp Thr Asn Asn

55

Phe Glu Val Gly Glu

70

Ile Glu Val Val Ala

85

Pro Ile Asp Thr Val

100

Leu Leu Lys Gly Ile

120

Asp Ser Leu Glu Lys

135

Cys Val Val Lys Pro
150

Cys Tyr Ser Tyr Glu

165

Asn Lys Tyr Asn Val

Ser Asn Thr
10

Leu Gly Phe
25

Gly Leu Gly

Leu Asn Cys

Ile Lys Ala
75

Ile Leu Ala
90

Lys Lys Cys
105

Glu Asn Ile

Leu Glu Leu

Val Asp Asp
155

Glu Val Lys
170

Arg Ser Gln

Thr Gly Thr

Thr Pro Val

Glu Thr Lys
45

Ile Arg Thr
60

Ile Thr Thr

Lys Glu Leu

Arg Asn Lys
110

Tyr Glu Pro
125

Ala Lys Asp
140
Ser Gly Ser

Arg His Thr

Lys Asn Ala

(strain YBT-020)

Gly Met
15

Leu Leu

Cys Ile

Ile Ile

Thr Ser
80

Gly Leu
95

Ala Glu

Trp Phe

Asn Ile

Asn Asn
160

Glu Lys
175

Gln Asn
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Ile Leu Val
195

Phe Thr Tyr
210

Val Asp Gly
225

Pro Val Ser

Ile Ile Glu

Lys Ile Lys

275

Ala Gly Gly
290

Leu Leu Lys
305

Asp Gln Asn

Arg Asp Gly

Thr Val Gly

355

Ile Arg Lys
370

Ala Ala Glu
385

Asp Ala Leu

180

Glu

Asn

Ala

Asp

Lys

260

Gly

Met

Glu

Pro

Lys

340

Ile

Val

Asn

His

Glu

Gly

Pro

Asp

245

Val

Glu

Ile

Gln

Thr

325

Ile

Lys

Glu

Ile

Ile
405

<210> SEQ ID NO 13

<211> LENGT.
<212> TYPE:

H:
DNA

1242

Tyr Val Ser
200

Lys Cys Lys
215

Tyr Phe Ile
230

Ile Arg Ser

Asn Trp Gln

Lys Ile Phe

280

Pro Glu Leu
295

Leu Lys Val
310

Leu Tyr Ala

Thr Ser Ile

Glu Val Lys

360

Asn Ala Tyr
375

Asn Lys Leu
390

Glu Ile Glu

185

Gly Gln Glu

Ile Val Gly

Glu Cys Gly

235

Val Ile Glu
250

Asn Gly Pro
265

Leu Val Glu

Ile Lys Tyr

Val Thr Arg

315

Gly Ile Arg
330

Phe Gly Val
345

Leu Arg Thr

Gly Arg Ile

Asn Tyr Ile
395

Glu Cys Glu
410

190

Tyr Ser Val
205

Val Thr Gln
220

His Ile Phe

Arg Gly Val

Cys His Leu

270

Phe Asn Gly
285

Ala Thr Gly
300

Met Arg Pro

Phe Ile Ile

Asn Asp Ile

350

Ile Val Gly
365

Gly His Ile
380

Leu Asp Lys

Asp Tyr Glu

<213> ORGANISM: Alkaliphilus metalliredigens QYMF

<400> SEQUENCE:

atggcacatt

ttactcaaac

agttctttte

aatactaatg

attacaacat

cegtgeccat

ttggatgcag

ttattggtgg

agtgcctacyg

aatgctttee

tacatggaag

attggaatta

tttccagcaa

13

tattgatgat tgaaagtttt

agttggggca tacttacaca

actctaatga acatgtggta

acgcttcagt ggtgttggat

gcgattatta tattgaaaca

ttcccaagge tgtcaagaac

ccggtattte taatccacag

caaaaaatat cggatatccg

ttcgactaat tagaagcgaa

caataaattyg gagagatcaa

gcaacgaagt gagcgtagaa

cacagaaatc cttaatggga

atatatcaca tgatatgaag

ataggtggta

tttattactc

attcaacatg

accattttag

gtggtggaag

gtaaggtaca

tatggtttag

gttgtattga

gaggatttac

gaacgagatt

gccgtaacat

gegecttatt

ttgaaaatct

atgcagtatt

gaagcaaagg

cagatgaaat

gtaagaaatt

ttgccaagga

aacaaaaatt

cctataattyg

agccggtgga

gagatgctta

gtacgtatct

ttaatggaga

ttatagagga

caggttatgt

Glu Ile

Lys Ile

Pro Ala
240

Thr Lys
255

Glu Ile

Arg Leu

Ile Asp

Lys Leu
320

Pro Leu
335

Glu Asn

Glu Ser

Ile Gly

Ser Met
400

Asp Phe
415

acttcctaag
gattttcaag
aattgaggce
tgatggtgtce
attgagtatt
acgacagaca
ggatgaggta
tctttettet
tcatcagett
tttggaaaaa
aacaacgatt

tgcccacatyg

ggtaaaggca

60

120

180

240

300

360

420

480

540

600

660

720

780
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ttacaagctyg cgggatatga ttatggagtg agtcacactyg aagtaaagct tacagatgca 840
ggtcctagaa ttgtcgaaat taatccaaga gttgctggtg attatattgc agaaataatc 900
aaattagtat gcaacgttga tatattgcgt gcttttgtgg atctttctat tggaatagaa 960
ccaagtatta ctaagaaaga aactggtatt tctagtgctt gecgttaggtt tttaactcca 1020
catcgecggtg gaaaaatagt gaatattgta ggtgttgaca ctttagcatc ggattcacat 1080
attgattcct ttaaagtgga ggattgtatt ggcaaaactg ttggtgatcc tattgataat 1140
gcagggagaa tcgggtggat cattacgaaa gatacagaag gatataatgc gatgaattat 1200
gcatatgaag cgatggagca cattaagctg acttttgaat aa 1242

<210> SEQ I
<211> LENGT.
<212> TYPE:
<213> ORGAN

D NO 14
H: 413
PRT

ISM: Alkaliphilus metalliredigens QYMF

<400> SEQUENCE: 14

Met Ala His
1

Leu Leu Pro
Thr Arg Ser

35
Val Val Ile
Ala Ser Val
65

Ile Thr Thr

Glu Leu Ser

Tyr Lys Gln

115

Pro Gln Tyr
130

Lys Asn Ile
145

Ser Ala Tyr

Tyr His Gln

Asp Cys Thr
195

Val Glu Ala
210

Gln Lys Ser
225

Phe Pro Ala

Val Val Lys

Thr Glu Val
275

Leu Leu Met Ile Glu

Lys Leu Leu Lys Gln

20

Lys Gly Ile Phe Lys

40

Gln His Ala Asp Glu

Val Leu Asp Thr Ile

70

Cys Asp Tyr Tyr Ile

85

Ile Pro Cys Pro Phe

100

Lys Leu Arg Gln Thr

120

Gly Leu Ala Tyr Asn

135

Gly Tyr Pro Val Val
150

Val Arg Leu Ile Arg

165

Leu Asn Ala Phe Pro

180

Tyr Leu Leu Glu Lys

200

Val Thr Phe Asn Gly

215

Leu Met Gly Ala Pro
230

Asn Ile Ser His Asp

245

Ala Leu Gln Ala Ala

260

Lys Leu Thr Asp Ala

280

Ser Phe Ile
10

Leu Gly His
25

Ser Ser Phe

Ile Ile Glu

Leu Gly Lys

75

Glu Thr Val
90

Pro Lys Ala
105

Leu Asp Ala

Trp Asp Glu

Leu Lys Pro

155

Ser Glu Glu
170

Ile Asn Trp
185

Tyr Met Glu

Glu Thr Thr
Tyr Phe Ile
235

Met Lys Leu
250

Gly Tyr Asp
265

Gly Pro Arg

Gly Gly Asn
Thr Tyr Thr
30

His Ser Asn
45

Ala Asn Thr
60

Lys Phe Asp

Val Glu Val

Val Lys Asn

110

Ala Gly Ile
125

Val Leu Leu
140

Val Asp Leu

Asp Leu Arg

Arg Asp Gln

190

Gly Asn Glu
205

Ile Ile Gly
220

Glu Asp Ala

Lys Ile Ser

Tyr Gly Val
270

Ile Val Glu
285

Ala Val
15

Phe Ile

Glu His

Asn Asp

Gly Val
80

Ala Lys
95

Val Arg

Ser Asn

Val Ala

Ser Ser
160

Asp Ala
175

Glu Arg

Val Ser

Ile Thr

His Met
240

Gly Tyr
255

Ser His

Ile Asn
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76

Pro Arg Val
290

Asn Val Asp
305

Pro Ser Ile

Phe Leu Thr

Asp Thr Leu

355

Cys Ile Gly
370

Gly Trp Ile
385

Ala Tyr Glu

<210> SEQ I
<211> LENGT.
<212> TYPE:

Ala Gly Asp Tyr Ile

295

Ile Leu Arg Ala Phe
310

Thr Lys Lys Glu Thr

325

Pro His Arg Gly Gly

340

Ala Ser Asp Ser His

360

Lys Thr Val Gly Asp

375

Ile Thr Lys Asp Thr
390

Ala Met Glu His Ile

405
D NO 15
H: 1257

DNA

Ala Glu Ile
Val Asp Leu
315

Gly Ile Ser
330

Lys Ile Val
345

Ile Asp Ser

Pro Ile Asp

Glu Gly Tyr
395

Lys Leu Thr
410

Ile Lys Leu
300

Ser Ile Gly

Ser Ala Cys

Asn Ile Val
350

Phe Lys Val
365

Asn Ala Gly
380

Asn Ala Met

Phe Glu

<213> ORGANISM: Streptomyces flavogriseus ATCC 33331

<400> SEQUENCE: 15

atggctcatce

gecectggggy

¢gggeggege

cccaccaacg

tthanggg

ctgttgggec

acceggegeg

dgggcggagy

gacctetgeyg

tgcgeggete

ctgctggagg

gtcgeccacy

accggtcaca

gegetgageg

ctgaccgagyg

accgagetygg

CthgCngg

ttcctegtge

gacgccgacyg

gacagcaaca

cgggaccgcyg

<210> SEQ I
<211> LENGT.
<212> TYPE:

tgttggtggt
agggaggaca
cggagggeac
accteggege
tggtcaccte
tgccegggec
tccteggege
cggeegtgge
cgggcatgtt
tegecgectt
agtaccteeg
tcgteggagt
tgttccegge
ceggegegyge
acggccccag
tcecgecacgt
aacccgacct

ceggeagaege

gtgtgctgga

acgcctacct

tggagacact

D NO 16

H: 418
PRT

cgagagctgg

ccacttcacc

ggaccatccyg

actgctteeg

ctgtgactac

gtcggecgaa

CgCngCgtg

cgcccacgac

cgtgegecgg

ccegtacaac

aggccccgag

caccgacaag

cgcectetet

geteggtete

ggtggtggag

caccgggatce

gegececege

gggaacccte

ggtccagace

cggecacgte

getegeggaa

gtcggatcega
ttccteacce
ctgcteaceyg
caggtcgage
tacctgccga
gccatggaga
cceggacecec
ctcggetate
gtcgacgacyg
gecaggggac
gtgagegteyg
agcgtcggeg
ccggacgate
gacgacgtcg
gtcaatccce
gacctegecyg

gacaccggta

gegteegteg

gcggaaccgy

atggccggcg

ctgegeecte

tgagcagact

gegatcetgea

ccegtaacgt

ggctgcacga

cegecgeteg

aagcctgeceg

gettegeegt

cecctggtegt

aggaccagct

agcggegtac

agaccgtgac

gggCtCngC

tegecgeage

tggcgcacac

gtCCCgngg

cegectgegt

¢gceggagege

agggcgccga

ggCgCangt

acgccaccgg

ggetggtgeg

<213> ORGANISM: Streptomyces flavogriseus ATCC 33331

Val Cys
Ile Glu
320

Val Arg
335

Gly Val

Glu Asp

Arg Ile

Asn Tyr
400

getgeegegyg
gcactaccte
cgtcacggeyg
ggcectgege
gatcgeggge
caaggacgcc
ctgegeggac
caagceggty
ggcegaggeg
gecccacgte
ctgcaaggge
cttegtegag
caccggcace
cgagatcaaa
caatcgcatce
cgacgtggea
ggccatcgga
cegtgtecge
cgaggceggeg
actecggegeyg

ctcatga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1257
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<400> SEQUENCE:

Met
1

Leu

Thr

Leu

65

Phe

Arg

Glu

Gly

Ala

145

Asp

Leu

Gly

Pro

225

Thr

Ala

Arg
305

Leu

Ala

Gln

Ala
385

Arg

Ala

Leu

Arg

Pro

50

Gly

Asp

Ile

Lys

Val

130

Val

Leu

Ala

Gln

Glu

210

Gly

Gly

Thr

Val

Glu

290

His

Gly

Ala

Glu

Thr
370

Tyr

Asp

His

Pro

Asp

35

Leu

Ala

Gly

Ala

Ala

115

Pro

Ala

Cys

Glu

Arg

195

Val

Val

His

Gly

Ala

275

Val

Val

Arg

Ile

Gly
355
Ala

Leu

Arg

Leu

Arg

20

Leu

Leu

Leu

Val

Gly

100

Cys

Gly

Ala

Ala

Ala

180

Arg

Ser

Thr

Met

Thr

260

His

Asn

Thr

Glu

Gly

340

Ala

Glu

Gly

Val

Leu

Ala

Gln

Thr

Leu

Val

85

Leu

Arg

Pro

His

Gly

165

Cys

Thr

Val

Asp

Phe

245

Ala

Thr

Pro

Gly

Pro

325

Phe

Asp

Pro

His

Glu

Val

Leu

His

Ala

Pro

70

Thr

Leu

Lys

Arg

Asp

150

Met

Ala

Pro

Glu

Lys

230

Pro

Leu

Glu

Arg

Ile

310

Asp

Leu

Arg

Gly

Val
390

Thr

Val

Gly

Tyr

Arg

Gln

Ser

Gly

Asp

Phe

135

Leu

Phe

Ala

His

Thr

215

Ser

Ala

Ser

Ile

Pro

295

Asp

Leu

Val

Val

Arg
375

Met

Leu

Glu

Glu

Leu

40

Asn

Val

Cys

Leu

Ala

120

Ala

Gly

Val

Leu

Val

200

Val

Val

Ala

Ala

Lys

280

Ala

Leu

Arg

Pro

Arg
360
Thr

Ala

Leu

Ser

Gly

25

Arg

Val

Glu

Asp

Pro

105

Thr

Val

Tyr

Arg

Ala

185

Leu

Thr

Gly

Leu

Gly

265

Leu

Gly

Ala

Pro

Gly

345

Asp

Val

Gly

Ala

Trp

10

Gly

Ala

Val

Arg

Tyr

90

Gly

Arg

Cys

Pro

Arg

170

Ala

Leu

Cys

Gly

Ser

250

Ala

Thr

Asn

Ala

Arg

330

Arg

Ala

Glu

Asp

Glu

Val

His

Ala

Thr

Leu

75

Tyr

Pro

Arg

Ala

Leu

155

Val

Phe

Glu

Lys

Ala

235

Pro

Ala

Glu

Arg

Ala

315

Asp

Ala

Asp

Ala

Ala
395

Leu

Gly

His

Pro

Ala

60

His

Leu

Ser

Val

Asp

140

Val

Asp

Pro

Glu

Gly

220

Pro

Asp

Leu

Asp

Ile

300

Cys

Thr

Gly

Gly

Ala
380

Thr

Arg

Ser

Phe

Glu

45

Pro

Glu

Pro

Ala

Leu

125

Gly

Val

Asp

Tyr

Tyr

205

Val

Ala

Asp

Gly

Gly

285

Thr

Val

Gly

Thr

Val
365
Asp

Gly

Pro

Met

Thr

30

Gly

Thr

Ala

Thr

Glu

110

Gly

Ala

Lys

Glu

Asn

190

Leu

Ala

Phe

Leu

Leu

270

Pro

Glu

Asp

Thr

Leu

350

Leu

Ser

Leu

Arg

Ser

15

Phe

Thr

Asn

Leu

Ala

95

Ala

Ala

Glu

Pro

Asp

175

Ala

Arg

His

Val

Ala

255

Asp

Arg

Leu

Val

Arg

335

Ala

Glu

Asn

Gly

Leu

Arg

Leu

Asp

Asp

Arg

80

Ala

Met

Ala

Ala

Val

160

Gln

Arg

Gly

Val

Glu

240

Ala

Asp

Val

Val

Ala

320

Ser

Ser

Val

Asn

Ala
400

Val
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405 410 415
Arg Ser
<210> SEQ ID NO 17
<211> LENGTH: 1182
<212> TYPE: DNA
<213> ORGANISM: Bacillus mycoides Rock3-17
<400> SEQUENCE: 17
atgttagctt taaataaagc taaattatat ggtttttcac ctgtttttat tactaataat 60
ccagatcgat atgttggtct ggaaaaggca gaatgttcaa tattcatctyg tgatacgaat 120
aacattgaaa atttatacga aactataaat aataatttag aagtagataa aattcaaggt 180
attactacca ctagtgaatt ttatttagaa attgtatctg aattagcgcg taaatatggt 240
ctacctagga attctgtaca agcgatacgt aactgtcgaa ataagctaga aacaagaaat 300
tgtttaaaag aggctaaagt tagacaacca aagtttgaag aagttacttc tatttcagat 360
ataaataaat ctcttaatat tattggtctt ccttgtattg taaagccagt tgatgatagt 420
ggttcaaatyg gagtgcgatt ttgtaaaact gttgcagagg ttaaagagca aactttagaa 480
attttatcat ggaaaaagaa ttcccgtgga caatcaacag tacagacagt ccttttagaa 540
gaatttattyg atgctccaga gtatagtgtt gaaatatttt cttttgaggg aaagggaaaa 600
tgtgttggta ttactgaaaa aaaattgata ggatttccac actttgtgga gcatcaacat 660
gtatttccag caaaattacc agctgatgtt actcgggaaa ttcaaaacac tgtagaagat 720
gcacttaaag cagtagggat aactaatgga ccgactcata cagaggttaa gcttactcct 780
cagggttgeg ctattataga aattaatgca aggcettgetyg gaggaatgat acccaaactt 840
attcaaattt ctacaggaat tgatatgtta gaatatcaac tcctattgtce agtagggaaa 900
tataaagcac caatattaaa ttatcagaga tatgctggaa ttaaatttat agtttctaat 960

ttagatggaa tattgaatga cattagaggt gttgaaaaag ttagaacact tcaaggtgtc 1020
aaccaagtca atattaatgt taatcgaggg gataaggtta tctcaccaaa aaatgcttat 1080
gatcgactag gctatgtaat tgttgaagga aattcgtatg aagaaacgga agcacgactt 1140
aataaatcta tagaaaaact agaaatattg gtgggaaatt aa 1182
<210> SEQ ID NO 18

<211> LENGTH: 393

<212> TYPE: PRT

<213> ORGANISM: Bacillus mycoides Rock3-17

<400> SEQUENCE: 18

Met Leu Ala Leu Asn Lys Ala Lys Leu Tyr Gly Phe Ser Pro Val Phe
1 5 10 15

Ile Thr Asn Asn Pro Asp Arg Tyr Val Gly Leu Glu Lys Ala Glu Cys
20 25 30

Ser Ile Phe Ile Cys Asp Thr Asn Asn Ile Glu Asn Leu Tyr Glu Thr
35 40 45

Ile Asn Asn Asn Leu Glu Val Asp Lys Ile Gln Gly Ile Thr Thr Thr
50 55 60

Ser Glu Phe Tyr Leu Glu Ile Val Ser Glu Leu Ala Arg Lys Tyr Gly
65 70 75 80

Leu Pro Arg Asn Ser Val Gln Ala Ile Arg Asn Cys Arg Asn Lys Leu
85 90 95

Glu Thr Arg Asn Cys Leu Lys Glu Ala Lys Val Arg Gln Pro Lys Phe
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Glu Glu Val
115

Gly Leu Pro
130

Val Arg Phe
145

Ile Leu Ser

Val Leu Leu

Phe Ser Phe

195

Leu Ile Gly
210

Lys Leu Pro
225

Ala Leu Lys

Lys Leu Thr

Ala Gly Gly

275

Met Leu Glu
290

Ile Leu Asn
305

Leu Asp Gly

Leu Gln Gly

Val Ile Ser

355

Glu Gly Asn
370

Glu Lys Leu
385

<210> SEQ I
<211> LENGT.
<212> TYPE:

100

Thr Ser Ile Ser Asp

120

Cys Ile Val Lys Pro

135

Cys Lys Thr Val Ala
150

Trp Lys Lys Asn Ser

165

Glu Glu Phe Ile Asp

180

Glu Gly Lys Gly Lys

200

Phe Pro His Phe Val

215

Ala Asp Val Thr Arg
230

Ala Val Gly Ile Thr

245

Pro Gln Gly Cys Ala

260

Met Ile Pro Lys Leu

280

Tyr Gln Leu Leu Leu

295

Tyr Gln Arg Tyr Ala
310

Ile Leu Asn Asp Ile

325

Val Asn Gln Val Asn

340

Pro Lys Asn Ala Tyr

360

Ser Tyr Glu Glu Thr

375

Glu Ile Leu Val Gly
390

D NO 19
H: 1344
DNA

105

Ile Asn Lys

Val Asp Asp

Glu Val Lys

155

Arg Gly Gln
170

Ala Pro Glu
185

Cys Val Gly

Glu His Gln

Glu Ile Gln

235

Asn Gly Pro
250

Ile Ile Glu
265

Ile Gln Ile

Ser Val Gly

Gly Ile Lys
315

Arg Gly Val
330

Ile Asn Val
345
Asp Arg Leu

Glu Ala Arg

Asn

<213> ORGANISM: Artificial Sequence

<220> FEATU

<223> OTHER INFORMATION: XbaI-EcoRI

RE:

<400> SEQUENCE: 19

tctagaaata

atcatcatca

c¢ggggacagyg

tcacagagaa

cagacacgaa

gagagatagce

cceggaaatt

attttgttta

cagcagecgge

tatgcteget

gectgaacgt

ctceccaggea

cggaatcatg

cggttggata

actttaagaa

catatgaaca

atgaaaaagg

taccacggtt

gagctgactyg

tcgacaageg

agcaattcge

ggagatatac

aacactttct

cgcgtaaatt

tgaatgagtt

acagtgtagc

actattacct

tggaggcaat

110

Ser Leu Asn
125

Ser Gly Ser
140

Glu Gln Thr

Ser Thr Val

Tyr Ser Val

190

Ile Thr Glu
205

His Val Phe
220

Asn Thr Val

Thr His Thr

Ile Asn Ala

270

Ser Thr Gly
285

Lys Tyr Lys
300

Phe Ile Val

Glu Lys Val

Asn Arg Gly
350

Gly Tyr Val
365

Leu Asn Lys
380

fragment harboring

catgggcage

gttegttgaa

ggggtttaca

ggaatgtcat

acaagtgagt

cgaatcggtt

tgaggcctge

Ile Ile

Asn Gly

Leu Glu
160

Gln Thr
175

Glu Ile

Lys Lys

Pro Ala

Glu Asp
240

Glu Val
255

Arg Leu

Ile Asp

Ala Pro

Ser Asn
320

Arg Thr
335

Asp Lys

Ile Val

Ser Ile

BBR47_51900

agccatcatce
gcgaatacga
ccegtatttt
gtagtcegtga
aaggaaggca

gccaagetgg

cgcaataaag

60

120

180

240

300

360

420
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cgatattteg cgagaagett cagcgccatce aagtgtctea gectacattt ttggcaataa 480
gctetatgga gcaattgetg gaagegeget cttcecattte tetgcectge gtggtgaage 540
cegetgacga tagegggtcece aataacgtge ggetgtgett tagetgggat gaagtggage 600
acatggcagce ggaaatcctt gccatcaagt acaatgcgeg cggtcaggaa acagcetcgga 660
cagttecttet cgagcagtat geccgagggece ctgaatttag cgtggagacyg ttttcatgge 720
aagggcaatg ctttgttatc ggcattaccc agaaacggtt aacgggatat ccatttttceg 780
tggaagcagg gcatattttc cctgcaccgt tgtccgtaga agagaaacag gagatcgagce 840
gaacagtgga acgcgcatta gcggeggtga agtaccagtt cggtgcetgec catacggaag 900
tgaagtggac atcagcaggt tgtgttgtca tcgaagtcaa cgcacgcctt gccggaggaa 960
tgattccaga gctggttege cgatccacgg ggattgatct gettttgcaa cagattcecggt 1020
gtgcggctgg acttgagcca gaattgtctce aaaccatcga agagcaacgc tgtgcaggca 1080
ttcattttect cgtgtctgag agtcagggca cctttggegg gataaaggga atggataccg 1140
ttcgcaacct geccggggatt getgaagtgg cgattcatge gaaaatcgga caaaacgtcce 1200
agcctecegca aaattttteg catcgtectceg gctatgtcat cgtggaaggce aagcattaca 1260
gtgagaccgce tgagttgatc gagcaggtga aagacagcct gagtgtacaa gtaggtcaac 1320
aattggagag tggggtatga attc 1344
<210> SEQ ID NO 20
<211> LENGTH: 1341
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Xbal-EcoRI fragment harboring Staur_4851
<400> SEQUENCE: 20
tctagaaata attttgttta actttaagaa ggagatatac catgggcagce agccatcate 60
atcatcatca cagcagcggce catatgaatc aattegtttt cgtecgagagce aacaccacgg 120
ggacgggceeyg gctggecegtyg gageggetge tggceccaggg cgagcaggtg acgttcatca 180
cccaccagece agagaagtac cccttectgg tgggcaacaa ggecccegggyg ctgaaggtgt 240
tgaaggtgga gaccaacgac gcggcggeceg tggaggectyg tgtegatggyg ctggtgceggg 300
aggggaaggt ggcggegetg ctcaccttet ccacctteta tgtgeccacyg gtggeggcca 360
tegeggegeg gcacggectyg cgctacctee agectegege ggeccagget tgccacaaca 420
agcacgaggce gcgggecctg ctgcgegegg cggggcetgece cgggectgag ttccacgtca 480
tegectecga ggccgaggceg gegcageteg cecagacggt gegettteeyg tgtgtggtga 540
agccteccege cgagageggce agcacggggyg tgeggegggt ggacacacce gaggagetge 600
tegegeactt ccgeteectyg cactceegeg cegecaacga gegeggecayg tecttgcacyg 660
gggaagtgct cgtggagtca ttcctggagg ggccggagtt cagcegtggag acgatgacge 720
tggcecgatgg caccacgcac gtgctegggg tgacccagaa gtacctctee gegecgecgt 780
acttecgtgga gatggggcat gacttceeegg cggacctgece geccgagegyg cggegggege 840
tggaggaggce cgtgctegeg gggctegegg cggtgggett tgacttegge ccggeccaca 900
cggagatceg cttcacgece geggggecgg tcatcatcega gatcaaccece cggetggegyg 960
gagggatgat tccggagctg gtgeggetgt ccaccggcegt ggatctgetce tcggcgatge 1020
tggatcaaat gctggggcegg cccgtggacce tgacgcacac gcgccaggat gtggectgta 1080
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tcegetteat

cctecegget

gecegeccga

gacaggtgcet

ccteggeccee

caccteggag

gggcaccgte

gagcgcegacy

tggCganCg

ggcgtgaatt

<210> SEQ ID NO 21
<211> LENGTH: 1311

<212> TYPE:

DNA

cgteceggeyg
cggcaggtgg
gaccggctgg
gegegegege

C

tgctggegeyg
cegtggacaa
gctatgtceat

tgtcgetget

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: XbaIl-EcoRI fragment harboring DES

<400> SEQUENCE: 21

tctagaaata

atcatcatca

gcaccggeat

cccaagaage

tgactgatag

cgggeattet

tgggtectgac

gcgaaaaatt

aagacctgeg

attcaggtte

cgaaaatttt

tagaagagta

gcacctgeat

gccatgtatt

aacagtcact

cgcctaacgyg

agttagtacg

gtgtggcgee

tagccgegga

cgggtgttga

atttcagcga

aacgtttaca

attttgttta

cagcagecgge

tttagcactg

gtcecgcetac

catccatgag

gaccaccteg

gggcaattce

acgtagcaaa

cgagaccegt

caataatgtg

aaagattgaa

tattgaaggc

tggcattacc

tceggeggtt

ggaagcggtt

ttgcgttatg

ccattcaacc

gcattggaag

dgcgggecge

agaaatgatg

cegectgggt

caaaattagt

<210> SEQ ID NO 22
<211> LENGTH: 2772

<212> TYPE:

DNA

actttaagaa

catatgaaaa

gaaaaagcge

gacggtttac

ctgaaacgct

gattactatc

ccgcaggeca

tcegttecge

gagagegtte

cgcttatget

cgcaacgege

cctgaatatt

gaaaagcagce

ttaccgaccyg

catttccagt

atcgaaacga

ggcgttgate

caagtggtcc

ttatcctegy

gtgaaagcge

cacgttattg

aatatgatca

ggagatatac

agctgttatt

gcaaactggyg

cggaggccaa

gegtttcaca

tggaaatcag

ttcatctgty

agccgaactt

ctctgecgty

tttectgggy

geggecagaa

ccgtegaaat

tgaccggtta

acgtacaaca

ttggcgcaag

atgcgegtet

tgattgagca

cgacgggctg

tggataactt

aagttggtca

tgagcggcaa

gtttaaaaat

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Xbal-EcoRI fragment harboring BUR

<400> SEQUENCE: 22

cgtggagggc caggacgagg

ggeggegggg acceggetge

cgccageggyg cccegagcegeg

cegggtegag caagccgege

catgggcage agccatcatce

cgtggaaggt aataccaccyg

ttatgaaccyg gtttttctga

atgtcgtgte catgtgaccyg

ggaaaaagcg gaagccegteg

cgcaaagcetyg gtacaggaac

ccgtaacaaa gegcetgtate

ccacatcatt cgttcaatgg

tctggtgaaa ccggceggatg

tgaagtcgaa caactgacct

aacgagccaa acggtattat

gttcagetgg cagggtaaga

ceccttactte gtggagageg

ggagatcgaa aagaccgtta

tcattcagag gtcaaatgga

ggcaggegge atgattcegg

gcagatttta tgcgeggcag

ctcaggcatce cactttatcg

agaagccgte cgtaaactge

ggcggtccaa ccgectaaga

aagttacgaa gaagtcgttyg

ttcttgaatt c

tctagaaata attttgttta actttaagaa ggagatatac catgggcage agccatcatce

atcatcatca cagcagcgge catatgaaga cctttgtttt tatecgagage aacacgactg

gcaccggteg cttatgtctg caaaaggcac tgttacgtgg ttttgatgtg ttattegtga

1140

1200

1260

1320

1341

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1311

60

120

180
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cgtetegece tcagetgtac ccgtttetge aggaagaaat ggtggtgecyg ctggttgecg 240
ataccgccga tccgecagege attgcggatg cactggcace gtacgccgge attgegggta 300
tcttttecac ttcagaatat tatatcgaaa cggcggccac ggtagcgacce cgcectgggtt 360
taccggecege ggacccggaa gcaatccgea cctgecgega taaaggccegt ctgcaccgece 420
gectgegega tgcaggtgte ggtgtggcag atacggaaat tgtgagcgaa cgcacccagce 480
tgcgegacct ggcgcacggce gcaacctatce cgegegtect gaaaccggece ttceggcageg 540
gcagtgtggyg cgtacgtctg gtccgcacce cggcggaaat gttagegecat ggtgaacgea 600
tgttagacgce ccgtggcaac gagcgtggta ttgegttage acgccaggtce ctggtccaaa 660
gttttgttga cggcccggag ttttecegtgg aagtagttgg cctgggegece gagcatggte 720
atgcagttcet gggtgttacg ggtaaacact taggcccegtt accgcattte gtcgaagccg 780
gtecatgactt ccecggecceg attgcagegg cccagegega cgcgattgta geggagacgt 840
tacgtgcgtt agatgcggta ggtcateget teggeccgge gcacgtcegag tgccgtgtat 900
caggtggtaa agttgtagtg attgaaatta accctcegect ggecggcegge atgatcccte 960
aggccattga atgggcgacc ggcgtcgatg tgctgggcege aatgattgat ctgcatgcag 1020
gcactcecgee ggacctgggt cctegtegte geggtcatge ggcgattcege ttegttetge 1080
cggcgcegtag cggcgaatta cgtgcactgt catttgagcce ggatgaacgt ttcgegggeg 1140
tgcgtactcg cttcatgeccg ctgaaacaac tgggtcageg tatcgaaccg gegggcgact 1200
tcegegateg tectggceccetyg gttattgcaa gcgeggecga cccggatgece ttageccacg 1260
ccttagaaga tgtcgaccgt tgtgttaccg tagccattgg cgacgcgggce geggceceggtg 1320
aaggcgeggg cgcaggecge ctgcgecgea ctetgcatece ggaagccctyg gcegattgtee 1380
gcaaacctyge gecgegegeg gaacgcettag cggaactgga tgectttgeg gegatcgacyg 1440
aagcacacct gctgatgetg gtggacgcag gcatctgega tcgcegeccgt geggcegactg 1500
tgctggcaga attagcccge caacgtgatg cgaagttcege agcgattgca gacgccattg 1560
cgectegtgg tacctacgece ctgtacgaac agttattaat cgagcgcgta ggcattgatg 1620
caggtggcgce agtgcatacc gegcgttcge gtaacgatat taatgcgtge gtggcgaagce 1680
tgcgecgeceg tgagtggttt gatacctgcg gtggcaagcet gtggcgtgta cgcgcagcaa 1740
ttgttgacaa agcgcagcac acgctggact ggccgctgece gacctatagt cagtaccagg 1800
cggcccaacce tggcagctte ggctactact tatggtceggt ggaaactgca ttacgccgtg 1860
atcaagcggce gctggagegt ctggacgaag aattageegt ttgtcecgcectg ggtgcecggeg 1920
cgggcgeggg taccgattte cctattegcee ctggcgtaag cgccgcegtta ttaggcetttg 1980
cacgctectt tgatagcgeg ttagacgccg tggcctcacg cgatctggte ctgcacttcece 2040
tggcggcgat cgccattgec agcactactce tgagccgtet ggcccatgac ctgcaactgt 2100
ggactatgcg cgagactgat tttttagcge tgccggacga getgtcectgge ggctcettege 2160
tgatgccgca gaaaaaaaac ccttacctgce tggaaattgt caaaggcaaa ctggcccatg 2220
ttgcaggtgc actgaatgcc gecgtcettceg cgagccageg cacgccgttt tetaacageg 2280
tagaaattgg caccgaaatg ctggcgecctt gcgeccgatge cgttcaggeg tttggcgagt 2340
cttgcgatct gectgegtetg atggtgagcecg gtgtcaccgg cgatcctgeg aagatgegtg 2400
cagccgcegga agccggtetg gtgagegceca ctcaggttge gaatgegtta gttcecgtgaaa 2460
cggatatttc gtttcacgcc gegcatcgte agatcggtge gectgattacce caagecttag 2520
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atgcccatga ggacccggceg gcagecttag acgegttagt tegecagecyg ggcgectcaa 2580
ttgatgaagc ggcggcgegt ctggectatg gcggtggtece tggtgeccgeg ggcgcecggcece 2640
tggceegecag ccgegecectyg ctgcgtcaga gegcagaacyg cctgtggegt cgtegtgegg 2700
catggcacge cgcacacgca cgccgtegtg getgegtgge agatctgetyg geggcagecyg 2760
cggcctgaat te 2772
<210> SEQ ID NO 23
<211> LENGTH: 1269
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Xbal-EcoRI fragment harboring BCE
<400> SEQUENCE: 23
tctagaaata attttgttta actttaagaa ggagatatac catgggcagce agccatcate 60
atcatcatca cagcagcggce catatgetgg ccatccgtaa agcgaaagaa ctgggttacg 120
agccgatcett tttaacgcag aagaaatctce tgtatcacgg cttatccgat ctggagtgte 180
gtgtaattga gttagatact aactccgtgg atgccattaa gcattacatt attcacgaaa 240
aaattgaaga cattgcaggc attctgacca ccagcgatta ttatctggaa accgtggcegg 300
agctggtgca gatgtttegt ctgageggca atacccacca ggcecatctat tactgtegta 360
ataaagccat gttccgecgaa aaattacacc tggaaaaagt actgcagcecyg aagttccata 420
ttgtccaaag cattgattcg ctgcagaata tctatagtte tatccagttt ccgtgegtgg 480
ttaagccgge ggatgactca ggttcaaaca acgtgcgtet gtgctcgaat tgggaagaag 540
tggaaaaaat cgccaccaaa attctggcaa acaagtataa tgcgcgceggt caagagaaag 600
ccaacatggt gctgctggaa gaatatatcg aaggtccgga atatagtgtyg gagatgttta 660
gttgggaagyg caattcaatc tgcatcggca ttaccgaaaa acagctgacc ggetttcegt 720
actttgtgga aagcggccat atttteecegg tggaactgece gaaggacgtce cagagcgaga 780
ttgagcagac ggtgaaatgc gcgctgcagg cggtggattt tegttteggt gcaagecatt 840
cagaagtgaa atggacctcg aacggttgtg tggtcattga agtcaatgeg cgcctggecg 900
geggcatgat tccggaactg gtgegecatt cgacgggegt agacctgetg cgecagcagyg 960
tgttatccte tgtgggcgtyg gcacctgaat ggaaagagat tgaatatatg aactacgcag 1020
gcatccattt tcectgaccgcg aaaaaaagcg gcttcecttatce aaccgtgaaa ggtatcgaag 1080
aagtccgcga actgtcgtat attgaagaac tggtggtcaa ggcccaggtce ggccagccgg 1140
ttaatccgece ggaaaacttt agccatcgce tgggtcatgt gatggtgcge ggccgtacgt 1200
atgaagaaac cgtgctgttc ctggaggaag tcgcgaaaaa actggaaatc caggtaaaca 1260
actgaattc 1269
<210> SEQ ID NO 24
<211> LENGTH: 1341
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Xbal-EcoRI fragment harboring BTH
<400> SEQUENCE: 24
tctagaaata attttgttta actttaagaa ggagatatac catgggcagce agccatcate 60
atcatcatca cagcagcggce catatgaaaa aactgctgtt tattgaaagce aataccactg 120
gtactggcat gctggcatta attaaagccce gecgagetggg cttcacgecg gtectgetga 180
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ccaataatce gggecgttat attggtttag gecgaaaccaa atgcattgtt ctggagtgeg 240
ataccaacaa cttaaactgt atccgcacta tcatcgatag tgagttcgaa gtgggcgaga 300
tcaaggccat cacgactacc tccgaatttt acattgaggt ggtggccatce ctggcaaagg 360
aactgggctt aatcggcaat ccgattgata ccgtgaagaa atgtcgtaac aaagcggaaa 420
tgegtetget gctgaaggge atcgagaaca tctacgagec gtggttctat attatcgatt 480
cactggagaa gttagaatta gcgaaagaca acatcaaatt tcegtgtgtyg gttaagccgg 540
tggatgattc cggttcaaat aacgtgctga aatgttacte ttacgaagaa gtcaaacgte 600
acaccgagaa gatcctgagce aataagtata acgtccgcag ccagaaaaat gcgcagaaca 660
ttttagtaga agaatacgtg tcaggtcagg aatactcggt tgaaatcttt acgtataatg 720
gcaaatgcaa aatcgtgggt gtaacccaga aaatcgtgga tggcgceccceg tacttcattg 780
aatgtggcca tattttcccg gecccggtta gegacgatat cegtagegtyg attgaacgeg 840
gegtgacgaa aattattgaa aaagtcaatt ggcagaacgg cccgtgccac ctggaaatta 900
aaattaaggg cgaaaaaatt tttctggtag agtttaatgg tcegectggeyg ggcggtatga 960
ttccggaatt aatcaaatat gcaaccggta tcgatctgtt aaaagagcag ttaaaagttg 1020
tgacccegtat gecgtccgaag ctggatcaaa acccgaccect gtacgegggce attcgcettta 1080
ttatcceget gegtgatggce aaaatcacgt ctatttttgg tgtcaacgac attgaaaata 1140
ctgtgggtat taaagaggta aaactgcgca cgatcgttgg cgaatctatt cgtaaagttg 1200
aaaacgccta tggtcgcatt ggtcatatca ttggcgcagce cgaaaatatc aacaaactga 1260
actatatttt agataagagc atggacgccce tgcacattga aattgaagaa tgcgaggatt 1320
atgaggactt taattgaatt ¢ 1341
<210> SEQ ID NO 25
<211> LENGTH: 1329
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: XbaI-EcoRI fragment harboring AME
<400> SEQUENCE: 25
tctagaaata attttgttta actttaagaa ggagatatac catgggcagce agccatcate 60
atcatcatca cagcagcggce catatggecce acctgctgat gatcgaaage ttcattggeg 120
gtaatgcegt attactgcct aagctgttaa aacagectggg ccatacgtac acctttatca 180
ccegttcaaa aggcattttc aaatcctcat ttcatagcaa cgaacacgta gtaattcage 240
atgcggatga aatcattgaa gcgaacacga atgacgcaag tgttgttcetg gacaccattt 300
taggcaaaaa gtttgacggc gttattacca cctgcgatta ttacattgaa acggtggtgg 360
aagttgcaaa agaactgagt atcccgtgte cgttcccgaa ggeggttaag aatgtacgtt 420
ataaacaaaa actgcgtcag acgctggatg cagcgggtat ctctaacceg cagtatggte 480
tggcgtataa ttgggatgaa gtcctgetgg ttgcgaaaaa tatcggctat cceggttgtge 540
tgaagcceggt ggacttaagce agcagtgect acgtgegett aattegcagt gaggaagacce 600
tgcgegacge gtaccaccag ttaaacgect teccgattaa ttggegcegat caggaacgtg 660
attgcacgta cttattagag aaatacatgg agggcaacga ggtttcggtyg gaageggtta 720
cgtttaacgg cgaaacgacc attattggca tcacccaaaa gtegetgatyg ggcegecccegt 780
attttattga agacgcgcac atgttcccgg caaatattag ccatgatatg aaattaaaga 840
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tctegggtta tgtggtcaaa gecctgecagg cegegggcta cgattacgge gtctegeata 900
ccgaagttaa actgaccgat gecgggtecge geatcgtgga aatcaaccct cgcegtagegg 960
gtgattacat tgcggaaatt atcaagttag tgtgtaatgt agatattctg cgtgcgtttg 1020
tagatctgtc gatcggtatc gagccgagta tcacgaaaaa ggaaaccggt atcagcagceg 1080
catgtgttcg ttttctgacce ccgcatcegtg gtggtaaaat tgtgaacatc gtaggcegttg 1140
atactttagc gagtgactcc catatcgata gcttcaaagt ggaggattgc attggcaaga 1200
cggtgggtga tcctattgac aacgccggtce gtattggetg gattattacg aaagatactg 1260
aaggttacaa cgcgatgaat tacgcgtatg aagcaatgga acacattaag ctgacgtttg 1320
aatgaattc 1329
<210> SEQ ID NO 26
<211> LENGTH: 1302
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: XbaI-EcoRI fragment harboring SFL
<400> SEQUENCE: 26
tctagaaata attttgttta actttaagaa ggagatatac catggcacac ctgctggtag 60
tagaatcatg ggtaggtagc atgtcgegece tgttaccgeg tgccctggge gagggeggece 120
atcacttcac ctttctgacg cgcgatctge agecactatet gegtgeggeyg ccggaaggca 180
cggaccacce tctgetgact gcacgcaacg ttgttactge gecgactaat gatctgggeg 240
cgetgetgee gcaggtggaa cgtctgecacyg aggcegttacyg ttttgacgge gtagttacgt 300
cgtgegacta ttacctgecceg accgccgege geattgcagyg ccetgetggge ctgecgggece 360
ctagtgcgga agcgatggaa aaagcgtgec gcaaagacge aacccgcecge gttetgggtg 420
cagceggtgt tccgggtecg cgettegeceg tttgcegecga cggtgccgaa geggeggtgg 480
cggcgeacga tctgggetac ccgcetggtgg tgaaaccggt tgatctgtge gegggeatgt 540
tegtgegteg cgtggatgat gaagaccage tggecgaage atgegeggeyg ctggeggegt 600
tcecegtataa tgccegeggt cagcgecgea cgecgcacgt gttactggaa gaatatctge 660
geggecctga agtttetgta gaaacggtta cttgtaaagg tgtggeccat gtagtgggtyg 720
tgaccgataa aagcgtgggce ggcgcaccgg cetttgtgga aacgggccac atgtttccegg 780
ccgecactgte cccggatgac ctggeggecg caaccggcac ggegttatet gcecggegecyg 840
cgetgggtet ggacgacgta gtagcgcaca ccgaaattaa gcetgactgaa gatggeccge 900
gegttgtgga agtgaaccceg cgtccggcag gtaatcegtat taccgaactg gtgegccacyg 960
ttacgggtat cgacctggcg geggcectgtg tcgacgtgge actgggccgt gaacctgact 1020
tacgccegeg tgacaccgge acgcgctcegg cggcgattgg ttttetggte cegggecgeg 1080
ccggcacttt agcgagtgtg gaaggcgcgg accgcgtecg cgacgccgat ggcgtgttag 1140
aagtgcaaac cgcggaaccg ggtcgcaccg tggaagcgge ggatagcaac aatgegtace 1200
tgggccatgt tatggcaggt gacgccacgg gectgggege acgcgaccge gtagagacce 1260
tgctggecga actgcgteeg cgcctggtte gcagttgaat tce 1302

<210> SEQ ID NO 27
<211> LENGTH: 1269

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Xbal-EcoRI fragment harboring BMY
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<400> SEQUENCE: 27
tctagaaata attttgttta
atcatcatca cagcagcgge
cacctgtttt tattactaat
caatattcat ctgtgatacg
tagaagtaga taaaattcaa
ctgaattage gcgtaaatat
gaaataagct agaaacacgc
aagaagttac ttctatttca
ttgtaaagce agttgatgat
aggttaaaga gcaaacttta
cagtacagac agtcctttta
tttettttga gggaaaggga
cacactttgt ggagcatcaa
aaattcaaaa cactgtagaa
atacagaggt taagcttact
ctggaggaat gatacccaaa
aactcctatt gtcagtaggg
gaattaaatt tatagtttct
aagttcgcac acttcaaggt
ttatctcacc aaaaaatgct
atgaagaaac ggaagcacga
attgaattc

<210> SEQ ID NO 28

<211> LENGTH: 72
<212> TYPE: DNA

actttaagaa
catatgttag
aatccagatc
aataacattg
ggtattacta
ggtctaccte
aattgtttaa
gatataaata
agtggttcaa
gaaattttat
gaagaattta
aaatgtgttg
catgtattte
gatgcactta
cctecagggtt
cttattcaaa
aaatataaag
aatttagatg
gtcaaccaag
tatgatcgac

cttaataaat

ggagatatac
ctttaaataa
gatatgttgg
aaaatttata
ccactagtga
gcaattctgt
aagaggctaa
aatctcttaa
atggagtgcg
catggaaaaa
ttgatgctee
gtattactga
cagcaaaatt
aagcagtagg
gegetattat
tttctacagyg
caccaatatt
gaatattgaa
tcaatattaa
taggctatgt

ctatagaaaa

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 28

catgggcage agccatcatce
agctaaatta tatggttttt
tctggaaaag gcagaatgtt
cgaaactata aataataatt
attttattta gaaattgtat
acaagcgata cgtaactgtce
agttcgccaa ccaaagtttyg
tattattggt cttccttgta
attttgtaaa actgttgcag
gaactccegt ggacaatcaa
agagtatagt gttgaaatat
aaaaaaattyg ataggatttc
accagctgat gttactcggyg
gataactaat ggaccgactc
agaaattaat gcacgccttyg
aattgatatg ttagaatatc
aaattatcag cgctatgetg
tgacattcge ggtgttgaaa
tgttaatcga ggggataagg
aattgttgaa ggaaattcgt

actagaaata ttggtgggaa

Synthetic Primer P1

ttcceggtca ggttaaggaa accggctacyg ctactggtga geggegetca agttagtata

aaaaagctga ac

<210> SEQ ID NO 29
<211> LENGTH: 72
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 29

Synthetic Primer P2

cgttgccage aatatcectt ctgacattgt accgaactge acggtgaage ctgetttttt

atactaagtt gg

<210> SEQ ID NO 30
<211> LENGTH: 72
<212> TYPE: DNA

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1269

60

72

60

72
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P3
<400> SEQUENCE: 30

gecactgcege taattgctga acagttgcag ggtcgecget cagctgaage ctgetttttt

atactaagtt gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 31

LENGTH: 72

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P4

SEQUENCE: 31

taagtggtgt tcgggecacce cagegtageg tgacctttac tcaccgctca agttagtata

aaaaagctga ac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 32

LENGTH: 72

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P5

SEQUENCE: 32

ggtcgatage gattaagcca cecgctaccge caagcegcagg gagtcgetca agttagtata

aaaaagctga ac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 33

LENGTH: 72

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer Pé

SEQUENCE: 33

aattacgcta catcgaggeg ttgtctgeca ttgttgaaac cgggtgaage ctgetttttt

atactaagtt gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 34

LENGTH: 72

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P7

SEQUENCE: 34

ggatgccagg ctttgttgat tgaacgtttyg caggcgatceg gttttgaage ctgetttttt

atactaagtt gg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 35

LENGTH: 72

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P8

SEQUENCE: 35

gegttcacac attcattaat tttatgaata gtggcattga ccggegetca agttagtata

aaaaagctga ac

60

72

60

72

60

72

60

72

60

72

60

72
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<210> SEQ ID NO 36

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P9

<400> SEQUENCE: 36
cagcggagtyg cctgcategt cgtgggegte ttegaaccac gtegtgaage ctgetttttt 60

atactaagtt gg 72

<210> SEQ ID NO 37

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P10

<400> SEQUENCE: 37
aggaactgtyg ccagcaacgce taccggacga ccggtggege ctttegetca agttagtata 60

aaaaagctga ac 72

<210> SEQ ID NO 38

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P11

<400> SEQUENCE: 38

gtgtctgaac tgtctcaatt atctccacag ccgctgtgaa gectgetttt ttat 54

<210> SEQ ID NO 39

<211> LENGTH: 58

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P12

<400> SEQUENCE: 39

cttegecgga atttetttea geagttcagt cagcagecage getcaagtta cttataaa 58

<210> SEQ ID NO 40

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P13

<400> SEQUENCE: 40

atggaactge ttttattgag taactcgacg ctgcegtgaa gectgetttt ttat 54
<210> SEQ ID NO 41

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P14

<400> SEQUENCE: 41

ggtgaccage ttccagegga accgettett caccageget caagttagta taaa 54

<210> SEQ ID NO 42
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<211>
<212>
<213>
<220>
<223>

<400>

LENGTH: 58

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P15

SEQUENCE: 42

gatctgggtt atgcagctta ttgtttaaca aggagttacc ttgaagectt ttttatac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 43

LENGTH: 60

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P16

SEQUENCE: 43

ttgcgggcat tctacgteca tteggecgge tgacaaccgt cectcaagtt agtataaaaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44

LENGTH: 67

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P17

SEQUENCE: 44

atggagttta gtgtaaaaag cggtagcceg gagaaacage ggagtgectg tgaagectge

tttttat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P18

SEQUENCE: 45

ttactctteg ccgttaaacce cagegeggtt taacaggaac tgtgccagca cgctcaagtt

agtataaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 46

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P19

SEQUENCE: 46

atgacagaag cgatgaagat taccctctcet accaacctge cgacgegegg tgaagectge

ttttttat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 47

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P20

SEQUENCE: 47

ttacgcegtt aacagattag ctatcgtgeg cacaccaagt cecgtagege cgcetcaagtt

agtataaa

58

60

60

67

60

68

60

68

60

68
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<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 48

LENGTH: 69

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P21

SEQUENCE: 48

atgggcaaag cagtcattge aattcatggt ggegecaggtg caattagecg gtgaagectg

cttttttat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 49

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P22

SEQUENCE: 49

tcactgtgtyg gcaacggtgt ccccttttte acggtagata ceggtggttyg cgetcaagtt

agtataaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 50

LENGTH: 69

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P23

SEQUENCE: 50

ctgtacggca ttttgectatg cttgtegeca ctgttgaage tgattgagta gtgaagectg

cttttttat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 51

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P24

SEQUENCE: 51

gecatccccac ctcataacgt tgacccgace gggcaaaaaa caaaaaaggt cgctcaagtt

agtataaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 52

LENGTH: 39

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P25

SEQUENCE: 52

ctgagatcat atgaataage actttetgtt tgttgaage

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 53

LENGTH: 36

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P26

SEQUENCE: 53

aaggttcect gcagttagac geccgattee agttge

60

69

60

68

60

69

60

68

39

36
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-continued

106

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 54

LENGTH: 37

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P27

SEQUENCE: 54

ctgagatcat atgaatcagt ttgtetttgt cgaatcce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 55

LENGTH: 34

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P28

SEQUENCE: 55

aaggttcect gcagtcacge cggagcagac ggag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 56

LENGTH: 69

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P29

SEQUENCE: 56

atgcegtctgg aagtettttg tgaagaccga cteggtetga cecgegaatt gtgaagectg

cttttttat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 57

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P30

SEQUENCE: 57

ttactctteg ttettettet gactcagace atattceccge aacttattgg cgcetcaagtt

agtataaa

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 58

LENGTH: 69

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P31

SEQUENCE: 58

atggttgetyg aattgaccge attacgegat caaattgatg aagtcgataa gtgaagectg

cttttttat

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 59

LENGTH: 68

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic Primer P32

SEQUENCE: 59

ttactggcga ttgtcatteg cctgacgcaa taacacgegg ctttcactcet cgetcaagtt

agtataaa

37

34

60

69

60

68

60

69

60

68
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<210> SEQ ID NO 60

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P33

<400> SEQUENCE: 60

ggtacceggyg gatcctcetag

<210> SEQ ID NO 61

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P34

<400> SEQUENCE: 61

caagcttget cgagtgeagt cacgecggag cagac

<210> SEQ ID NO 62

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P35

<400> SEQUENCE: 62

gctacagate tgcgggcagt gagcgcaacg ¢

<210> SEQ ID NO 63

<211> LENGTH: 75

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P36

<400> SEQUENCE: 63

cggactctag atcctgtgtg aaattgttat ccgctcacaa ttccacacat tatacgagece
ggaagcataa agtgt

<210> SEQ ID NO 64

<211> LENGTH: 70

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P37

<400> SEQUENCE: 64

caggatctag atttaagaag gagatataca tatggccgaa gaaggtaaac tggtaatctg
gattaacggce

<210> SEQ ID NO 65

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P38

<400> SEQUENCE: 65

gaattcggat ccttagtctg cgcegtettte agggettcat cgac

<210> SEQ ID NO 66

20

35

31

60

75

60

70

44
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-continued

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P39

<400> SEQUENCE: 66

caagtaggat ccgaaaaagc tgttattegt ggaaggtaat a 41

<210> SEQ ID NO 67

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Primer P40

<400> SEQUENCE: 67

ctattagegg ccgcagaaat ttttaaactg atcatattac taattttgtg 50

<210> SEQ ID NO 68

<211> LENGTH: 1257

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Optimized gene encoding BBR47_51900 from
Brevibacillus brevis NBRC 100599

<400> SEQUENCE: 68

atgaataagc actttetgtt tgttgaageg aatacgacgg gecacgggtat getggegatg 60
aagaaggcac gcaagctggg ttttacgecg gtgtttttea cecgaaaaacce ggaacgttat 120
catggcctga acgaactgga atgccacgtg gttgtcaceg atacgaatag ccaggccgaa 180
ctgaccgaca gcgtggceaca agtttctaaa gaaggccgeg aaattgcagg tatcatgtca 240
acgtcggatt attacctgga aagcegtegeg aaactggecce gtaagtttgg ttggattage 300
aactctctgg aagcaatcga agettgtege aataaagega tttttegtga aaagetgcaa 360
cgccatcaag tgagccagece gaccttectg gecattaget ctatggaaca getgetggaa 420
gcacgtagtt ccatctcectet gecgtgegtyg gttaaaccgg cggatgacag tggctccaac 480
aatgttcgee tgtgtttcag ttgggatgaa gtcgaacaca tggeggecga aattctggece 540
atcaagtata acgcacgtgg ccaggaaacc gctcgcacgg ttetgetgga acaatacgeg 600
gaaggtcegg aatttagtgt cgaaacctte tcctggcagg gecaatgett tgtgattggt 660
atcacccaga aacgtctgac gggctateeg tttttegttg aagetggtca tatttteceg 720
gegecgetgt ctgtcgaaga aaagcaggaa atcgaacdgta cggtcgaacyg cgetetggea 780
getgtgaaat accagtttgg cgcggeccac accgaagtga agtggacgag cgecggttgt 840
gtcgtgattyg aagttaacge acgtctggece ggceggtatga tcccggaact ggtgegtege 900
tccaccggca ttgatectget getgcaacaa atcegttgeg cagetggtet ggaaccggaa 960

ctgagtcaga cgattgaaga acaacgctgt gccggtatcce attttctggt ttcagaatcg 1020

cagggcacct tcggcggtat taagggtatg gacacggtgce gtaatctgcce gggcatcgca 1080

gaagttgcta ttcacgcgaa gatcggtcaa aacgtgcagce cgccgcaaaa tttttcacat 1140

cgectggget atgttattgt cgaaggtaaa cactactcegg aaaccgcgga actgatcgaa 1200

caagtcaaag atagcctgtc cgtgcaagtc ggtcagcaac tggaatcggg cgtctaa 1257

<210> SEQ ID NO 69

<211> LENGTH: 1254
<212> TYPE: DNA
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<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Optimized gene encoding Staur_4851 from
Stigmatella aurantiaca DW4/3-1

<400> SEQUENCE: 69

atgaatcagt ttgtectttgt

cgtetgetgy cgcaaggtga

ttcectggtty gtaacaagge

gecgcagteg aagcatgegt

accttttcaa cgttctatgt

tacctgcaac cgcegtgeege

cgtgctgcgg gCCthngg

cagctggete aaaccgtgeg

accggtgtte gtcegegtega

tccegtgety cgaatgaacyg

ctggaaggtce cggaattcte

ctgggegtta cccaaaagta

ttceceggeeyg acctgecgec

ctggcegeayg ttggttttga

ggtceggtga ttatcgaaat

cgtetgtcaa ceggtgtega

gtcgatctga cccacacgceg

cegggtgtee tggetegtgt

caagttgcag tcgacaaagc

cgtetgggtt acgttatege

cgtgetetgt cectgetgeg

cgaatccaat

acaggtgacc

gCnggCCtg

ggacggtctg

ccecgacegty

acaagcctge

tccggaattt

cttecegtgt

tacgccggaa

cggtcagage

tgttgaaacc

tctgtetgea

ggaacgtcge

ttteggtecyg

taacccgegt

tctgetgteg

tcaagacgtyg

ggagggtcag

tgcgggcace

atcecggeceg

tgtggaacaa

accacgggca

tttattacge

aaagtgctga

gttegegaag

gecgcaatty

cataacaagc

cacgttateg

gtggttaaac

gaactgctgg

ctgcacggeyg

atgacgctygg

cecgecgtact

cgtgcactygyg

gctcataccey

ctggcaggcg

gcaatgctgg

gectgtatte

gatgaagegt

cgtetgegte

gaacgtggte

geggeteegt

cgggtegtet

atcagccgga

aggttgaaac

gcaaagtgge

ctgegegtea

acgaagccecg

ctteccgaage

cgccggcgga

cgcatttteg

aagtcctggt

ccgatggtac

ttgtggaaat

aagaagccgt

aaattcgttt

gtatgatcce

accagatget

gtttcatcac

CgCgtCtggg

cgceggaaag

aggtcctggg

ctgctecgge

ggcggttgaa 60
aaaatatccyg 120
caatgatgcyg 180
tgcgctgety 240
tggcctgegt 300
cgcactgcetyg 360
ggaagccgca 420
aagcggctcet 480
cagtctgcac 540
ggaaagcttt 600
cacgcatgtyg 660
gggtcacgat 720
gctggcaggt 780
tacgccggey 840
ggaactggtt 900
gggtcgtceg 960
ctcagaacgt 1020
tacggtgege 1080
tgcaacggat 1140
cgacgctgcece 1200
gtga 1254

The invention claimed is:

1. A method for producing a dipeptide or a salt thereof, 45

comprising:

(a) reacting L.-amino acids, [.-amino acid derivatives, or
salts thereof under appropriate conditions in the pres-
ence of a protein having dipeptide-synthesizing activity
such that a dipeptide or a salt thereof is produced;

(b) accumulating the dipeptide or a salt thereof in an
appropriate solvent; and

(c) collecting the dipeptide or a salt thereof from the
appropriate solvent,

wherein the protein is selected from the group consisting
of: 55

a protein having the amino acid sequence of SEQ ID NO:
2,4, or 6;

a variant of a protein having the amino acid sequence of
SEQ ID NO: 2, 4, or 6 in which no more than fifteen
amino acid residues of the amino acid sequence of SEQ 60
ID NO: 2, 4, or 6 are changed by substitution, deletion,
insertion, or addition, and wherein the variant protein
has the dipeptide-synthesizing activity; and

a protein having an amino acid sequence having not less
than 95% sequence identity to the amino acid sequence 65
of SEQ ID NO: 2, 4, or 6 and wherein the protein has
the dipeptide-synthesizing activity,

wherein the dipeptide comprises two L-amino acids, two
L-amino acid derivatives, or an L-amino acid and an
L-amino acid derivative, and

wherein the L-amino acids or the L-amino acid deriva-
tives are selected from the group consisting of [-ala-
nine, L-arginine, [-asparagine, L-aspartic acid, L-cys-
teine, L-glutamic acid, L-glutamine, glycine,
L-histidine, L-isoleucine, L-leucine, L-lysine, [.-me-
thionine, L-phenylalanine, L-proline, L-serine,
L-threonine, L-tryptophan, [-tyrosine, [.-valine, and a
lower alkyl ester of L-phenylalanine, wherein the lower
alkyl ester of L-phenylalanine is methyl, ethyl or pro-
py! ester of the L-phenylalanine.

2. A method for producing a dipeptide or a salt thereof,

comprising:
(a) cultivating a bacterium in a culture medium compris-
ing an [-amino acid or an L-amino acid derivative;
(b) accumulating the dipeptide in the bacterium, the
culture medium, or both; and

(c) collecting the dipeptide from the bacterium, the culture
medium, or both,

wherein the bacterium is a dipeptide-producing bacterium
belonging to the genus Escherichia transformed with a
recombinant DNA comprising a DNA encoding a pro-
tein having dipeptide-synthesizing activity,
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wherein the DNA encoding the protein having a dipep-
tide-synthesizing activity is selected from the group
consisting of:

a DNA having the nucleotide sequence of SEQ ID NO: 1,
3,or5;

a DNA encoding a protein having the amino acid
sequence of SEQ ID NO: 2, 4, or 6;

a DNA encoding a variant of a protein having the amino
acid sequence of SEQ ID NO: 2, 4, or 6 in which no
more than fifteen amino acid residues of the amino acid
sequence of SEQ ID NO: 2, 4, or 6 are changed by
substitution, deletion, insertion, or addition, and
wherein the variant protein has the dipeptide-synthe-
sizing activity; and

a DNA encoding a protein having an amino acid sequence
having not less than 95% sequence identity to the
amino acid sequence of SEQ ID NO: 2, 4, or 6 and
wherein the protein has the dipeptide-synthesizing
activity,

wherein the dipeptide comprises two L-amino acids, two
L-amino acid derivatives, or an L-amino acid and an
L-amino acid derivative, and

wherein the L-amino acids or the L-amino acid deriva-
tives are selected from the group consisting of [-ala-
nine, L-arginine, [-asparagine, L-aspartic acid, L-cys-
teine, L-glutamic acid, L-glutamine, glycine,
L-histidine, L-isoleucine, L-leucine, L-lysine, [.-me-
thionine, L-phenylalanine, L-proline, L-serine,
L-threonine, L-tryptophan, L-tyrosine, [.-valine, and a
lower alkyl ester of L-phenylalanine, wherein the lower
alkyl ester of L-phenylalanine is methyl, ethyl or pro-
pyl ester of the L-phenylalanine.

3. The method according to claim 1,

wherein the dipeptide is represented by the formula:

R1-R2

wherein R1 is an acidic L-amino acid residue,

wherein R2 is an L-amino acid or a derivative of the
L-amino acid, and

wherein the L-amino acid or the derivative of the L-amino
acid is selected from the group consisting of [.-alanine,
L-arginine, L-asparagine, L-aspartic acid, L-cysteine,
L-glutamic acid, L-glutamine, glycine, L-histidine,
L-isoleucine, L-leucine, L-lysine, L-methionine,
L-phenylalanine, L-proline, L-serine, L-threonine,
L-tryptophan, L-tyrosine, L-valine, and a lower alkyl
ester of L-phenylalanine, wherein the lower alkyl ester
of L-phenylalanine is methyl, ethyl or propyl ester of
the L-phenylalanine.

4. The method according to claim 3,

wherein R1 is L-aspartic acid or L-glutamic acid, and

wherein R2 is L-glutamic acid, L-isoleucine, L-phenyl-
alanine, L-tryptophan, L-valine or a lower alkyl ester of
L-phenylalanine, and wherein the lower alkyl ester of
L-phenylalanine is methyl, ethyl or propyl ester of the
L-phenylalanine.

5. The method according to claim 3,

wherein R1 is L-aspartic acid, and

wherein R2 is L-phenylalanine or a lower alkyl ester of
L-phenylalanine, and wherein the lower alkyl ester of
L-phenylalanine is methyl, ethyl or propyl ester of the
L-phenylalanine.

6. The method according to claim 2, wherein the bacte-

rium is the species Escherichia coli.

15
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7. The method according to claim 2,

wherein a chromosomal gene encoding a protein having
peptidase activity is attenuated or inactivated in the
bacterium.

8. The method according to claim 7,

wherein the gene encoding a protein having peptidase
activity is selected from the group consisting of pepA,
pepB, pepD, pepE, pepP, pepQ, pepN, pepT, iadA, iaaA
(ybiK), and dapE.

9. The method according to claim 1,

wherein the protein having dipeptide-synthesizing activ-
ity is at least one of:

a protein having the amino acid sequence of SEQ ID NO:
2,4, or 6, and

a protein having an amino acid sequence having not less
than 95% sequence identity to the amino acid sequence
of SEQ ID NO: 2, 4, or 6 and wherein the protein has
the dipeptide-synthesizing activity.

10. The method according to claim 9,

wherein the dipeptide is represented by the formula:

R1-R2

wherein R1 is L-aspartic acid or L-glutamic acid, and

wherein R2 is L-glutamic acid, L-isoleucine, L-phenyl-
alanine, L-tryptophan, L-valine or a lower alkyl ester of
L-phenylalanine, and wherein the lower alkyl ester of
L-phenylalanine is methyl, ethyl or propyl ester of the
L-phenylalanine.

11. The method according to claim 9,

wherein the dipeptide is represented by the formula:

R1-R2

wherein R1 is L-aspartic acid, and

wherein R2 is L-phenylalanine or a lower alkyl ester of
L-phenylalanine, and wherein the lower alkyl ester of
L-phenylalanine is methyl, ethyl or propyl ester of the
L-phenylalanine.

12. The method according to claim 2,

wherein the DNA encoding the protein having dipeptide-
synthesizing activity is at least one of:

a DNA having the nucleotide sequence of SEQ ID NO: 1,
3,or5;

a DNA encoding a protein having the amino acid
sequence of SEQ ID NO: 2, 4, or 6; and

a DNA encoding a protein having an amino acid sequence
having not less than 95% sequence identity to the
amino acid sequence of SEQ ID NO: 2, 4, or 6 and
wherein the protein has the dipeptide-synthesizing
activity.

13. The method according to claim 12,

wherein the dipeptide is represented by the formula:

R1-R2

wherein R1 is L-aspartic acid or L-glutamic acid, and

wherein R2 is L-glutamic acid, L-isoleucine, L- phenyl-
alanine, L-tryptophan, L-valine or a lower alkyl ester of
L-phenylalanine, and wherein the lower alkyl ester of
L-phenylalanine is methyl, ethyl or propyl ester of the
L-phenylalanine.

14. The method according to claim 12,

wherein the dipeptide is represented by the formula:

R1-R2

wherein R1 is L-aspartic acid, and

wherein R2 is L-phenylalanine or a lower alkyl ester of
L-phenylalanine, and wherein the lower alkyl ester of
L-phenylalanine is methyl, ethyl or propyl ester of the
L-phenylalanine.
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15. The method according to claim 1,

wherein the collecting of (c) comprises centrifuging the
appropriate solvent or filtrating the appropriate solvent
through a membrane.

#* #* #* #* #*



